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MORPHOLOGY OF THE HONEYBEE LARVA! 


By James A. NELSON 
Collaborator, Bureau of Entomology, United States Department of Agriculture 


INTRODUCTION 


The observations here recorded seem desirable for several reasons. In the 
first place, it has been the policy of the Office of Beekeeping Investigations to 
secure, as far as possible, comprehensive and detailed information regarding all 
phases of the life history of the honeybee. An account of the development of 
the honeybee in the egg already having been completed (36)?, a study of the 
postembryonic development appears next in order, and this involves necessarily 
@ thorough and intimate knowledge of the structure of the larva. Moreover, 
an account of the structure of the bee larva ought not to be entirely without 
interest to intelligent beekeepers. Finally, such an account will unquestion- 
ably prove valuable to investigators of the pathology of brood diseases of the 
honeybee. 

No complete description of the structure of the larva of the honeybee has yet 
been published. This is especially surprising in view of the attention bestowed 
on the structure of the imago. Leuckart and Nitsche ($1) have included the 
bee larva in the series of types illustrated by their wall charts. These illustra- 
tions, however, convey but a meagre amount of information on this subject and 
in some respects are incorrect. Anglas (1) gives a description of the bee larva 
in his account of the metamorphosis of the wasp and that of the honeybee, but 
here again the description of the morphology of the larva is only incidental and 
for the most part brief and superficial. Moreover, some organ systems, such as 
the nervous system, are left almost untouched. 

In the following account the larva has been treated as if it constituted a single 
stage. The larval period, it is true, embraces a series of stages, differing from 
one another and representing a continuous process of development, but the 
principal morphological features peculiar to the larva as such remain surpris- 
ingly constant. Since a sketch of the structure of the newly-hatched larva has 
already been published by the writer in connection with the embryonic develop- 
ment, and, since it is especially important to know the structural conditions 
immediately preceding pupation, especial attention is here paid to the larva which 
has virtually attained its full growth. The following descriptions therefore 
apply to such a larva, unless otherwise stated. Wherever important changes in 
larval structures accompany growth, these are taken into consideration. 


EXTERNAL FORM 


In general appearance the bee larva much resembles many other cruciform 
larvae. When removed from the cell the full-grown larva (Pl. 1, D) is fusiform, 
the posterior end being the larger. Younger larvae are more slender and more 
nearly cylindriform, while the head is much larger in proportion to the trunk. 
In those recently hatched the body differs in its proportions from the bodies of 





1 Received for publication Apr. 22, 1924—issued Nov., 1924. 
4 Reference is made by number (italic) to “‘ Literature cited,” pp. 1208-1212. 
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older larvae in that the anterior end is the larger, the body tapering toward a 
pointed posterior end. In old larvae the posterior end is blunt and rounded, 
In larvae of all ages the body is strongly flexed toward the ventral side. In 
marked contrast the larvae of the Vespidae have bodies which are nearly straight. 

In color the larva is ivory white. As seen in the comb it appears to be pure 
white by contrast with the brown comb, but when removed and placed on a 
white surface it takes on a yellowish or brownish tinge. 

A series of sharply defined constrictions divides the body into 13 segments, 
3 thoracic and 10 abdominal.’ In antero-posterior extent the three thoracic 
segments are subequal and slightly inferior to the adjacent abdominal segments, 
The latter are also subequal in extent, with the exception of the 9th and 10th. 
The 9th is short and has a somewhat discoid form, as shown in the figure. The 
10th is quite small and also discoid and bears in its center a low papilla on which 
is situated the anal opening. , 

The ventral or sternal surface is marked off from the lateral surfaces by a 
deep groove, the ventrolateral suture (Pl. 1, D, VIS), which extends from the 
1st to the 8th abdominal segments, being absent on the three thoracic and the 
last two abdominal segments. ‘The lateral surfaces of the abdominal segments, 
with the exception of the last two, are raised to form rounded lobes, the epi- 
pleural lobes (EpL). These lobes, while sharply marked off from the ventral 
surface by the ventrolateral suture, merge almost imperceptibly into the dorso- 
lateral surfaces of the body. The epipleural lobes are often more or less con- 
fluent, producing the appearance of a beaded ridge on each side of the body. 
The abrupt termination of these ridges at the posterior boundary of the third 
thoracic segment produces the appearance of ‘‘shoulders”’ noted by White (50). 

Ten pairs of spiracles are present, belonging as usual to the 2d and 3d thoracic 
and the first eight abdominal segments. They appear externally as minute 
circular apertures, each of which is surrounded by a narrow chitinous ring, the 
peritreme. They are located at the same level on all of the segments, about 
half way between the dorsal mid-line and the ventrolateral suture, and lie close 
to the anterior edges of their respective segments in depressions confluent with 
the intersegmental constrictions. In the thoracic region the first pair of spir- 
acles has the appearance of belonging to the Ist instead of to the 2d thoracic 
segment, this appearance being due to the somewhat peculiar outline of the 
contiguous margins of these two segments (see fig. 4, A). Below the spiracles 
of the 2d and 3d thoracic segments the oval outlines of the wing rudiments 
(WngR) may be somewhat indistinctly seen. On all of the segments bearing 
spiracles a shallow linear depression or suture arises in the neighborhood of 
each spiracle and takes an oblique course dorsad and caudad across the dorso- 
lateral surface of the segment toward the dorsal mid-line, where it disappears, 
thus separating the dorsal half of the segment into anterior (Prs) and posterior 
(Ses) divisions. Comparison with coleopterous larvae, such as those of Den- 
droctonus (17), makes it evident that the anterior division corresponds to the 
prescutum, while the posterior, which is confluent laterally with the remainder 
of the segment, corresponds to the scutum and scutellum together, which in 
the coleopterous larva are separated by a suture. These divisions, and in fact 
the entire contour of the body, are intimately related to the internal structure, 
as will be more completely explained in the description of the muscular system. 

The head (Pl. 1, F, G), with regard to its general outline, may be described 
as bluntly conical, the base of the cone being formed by the head capsule, the 
apex by the labrum and the other mouth parts. The head is joined to the 





+ Embryological evidence indicates that there are actually 12 segments represented in the abdomen of 
the bee larva (86, $8). 
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trunk by nearly its entire width, a sharp and narrow constriction representing 
the neck region. Normally the head is retracted into the prothoracic segment, 
thus forming a deep fold between the two. The ventral third of the head, 
including the labium, maxillae, and that part of the head capsule to which they 
are attached, is sharply separated from the remainder of the head, which con- 
stitutes the head capsule (26), by a deep furrow which extends on each side 
from between the bases of the mandibles and maxillae to the posterior limits 
of the head. This may be conveniently designated as the lateral furrow.‘ Its 
posterior end, on each side, is continuous with the lumen of the posterior arms 
of the tentorium (2T7'en). In face view the head capsule is seen to be divided 
dorsally into two equal lobes by a median cleft (Pl. 1, F). On the convex 
surface of each of these lobes is a small rounded elevation (Ant), representing 
the distal end of the antennal rudiments. Springing from the head capsule in 
the mid-line, between the antennal rudiments and directed cephalad and ventrad 
is the cushion-shaped common rudiment of the labrum and clypeus (Clp+Lm). 
Its distal end is free from the head capsule and its tip slightly indented in the 
mid-line. 

In Vespa, according to Kirmayer (26), the labrum is distinguishable from the 
clypeus, but apparently this is not always possible, since the two areas are repre- 
sented as distinct in Kirmayer’s figure 30, but not in his figures 28 and 29. In 
the bee larva they are not always readily distinguishable on the exterior, but in 
many preparations of the head of advanced larve the rudiment of the clypeus 
and labrum is seen to be crossed by a delicate and distinct fold, dividing it into 
a distal and a proximal part, which can only be labrum and clypeus, respectively 
(Pl. 1, F). These two parts are also evidently indicated by the arrangements 
of the muscles. (Pl. 6, C.) 

Beneath the labrum is the mouth opening (Mth), on each side of which are the 
conical mandibles (Md), curved in such a way that their pointed tips lie beneath 
the labrum. The maxille (Mz), which are attached to the ventral part of the 
head capsule, are situated somewhat farther apart than the mandibles. They 
are also longer and of larger diameter, converging a trifle toward the mid-line, 
cylindrical in form, slightly tapering toward their apices, which are rounded and 
tipped each with a small spine. The labium (Lb), which springs from the ventral 
part of the head in the mid-line, is of relatively large size, projecting beyond the 
other mouth parts, bluntly conical in form, rounded at the apex, on which is a 
transversely elongated elevation bearing the slit-like common opening of the 
silk glands (SIkDO). On each side of the latter, and slightly ventrad to it, is a 
small spine, similar to those on the maxille. The upper surface of the labium is 
separated from the lower surface of the labrum by a narrow cleft, forming the 
mouth opening (Mth) which is bounded laterally by the mandibles and maxille. 
All of the mouth parts are soft and fleshy and covered only by thin chitin, with, 
of course, the exception of the small spines already mentioned. 

Above the common rudiment of the clypeus and labrum, on each side of the 
mid-line, a shallow depression is found. These depressions represent the in- 
sertions of muscles on the inner surface of the head capsule. Above each of the 
antennal rudiments is a smaller but somewhat more sharply marked triangular 
depression; these also mark points where muscles are inserted. 





‘ A study of the figure by Kirmayer (26) of the head of the wasp at different stages makes it evident 
that the “lateral furrow’’ of the wasp larva corresponds very closely with the margins of the fossa of the 
proboscis in the imago and this of course must be also true in the honeybee. It would appear, therefore, 
that the ventral part of the larval head lying between the two lateral furrows becomes later differentiated 
into the various structures included in the fossa of the proboscis—mentum, submentum, cardines, etc., 
and also that part of the occipital region ventrad to the foramen. 
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The description above given applies to a bee larva four or five days old, after 
removal from the cell. The larva is never permitted to assume this form, how- 
ever, until after the cell is sealed, when it undergoes the important changes pre- 
liminary to pupation. The actual shape assumed by the bee larva of from four 
to five days old is shown in Plate 1, E. The specimen from which this drawing 
was made was fixed and hardened in the normal position in the cell, from which 
it was afterwards extracted. As can readily be seen, the larva is bent ventrad 
in the shape of the letter U, head and anus being brought close together, and fits 
its narrow quarters so completely and so snugly that it forms a veritable cast of 
the interior of the cell, the prismatic six-sided form of the latter being plainly 
reproduced by the larva, which not only takes nourishment and grows in this 
compressed state, but on being withdrawn from the cell can immediately assume 
the plump, rounded form shown in figure 1, the only remaining perceptible 
evidence of its close confinement being a slight asymmetry of the 8th abdominal 
segment, the lateral fold on this segment being more turgid on the side turned 
toward the bottom of the cell. This is evident in Plate 1, E. In all the speci- 
mens of larve fixed and hardened within the cell the head lies somewhat closer 
to the mouth of the cell than the anus, the long axis of the larva thus being 
spirally curved. In some larve the right side is outermost, in others the left. 

Kellogg (24) has given a brief account, accompanied by two figures, of the 
head and mouth parts of the honeybee in connection with a study of the meta- 
morphosis. It is of interest to note here that the spines on the maxille were 
found to represent the minute one-segmented maxillary palpi of the adult. 
This may readily be seen in stained and cleared preparations of the head of 
larve about to pupate. Kirmayer (26) has given a detailed account of the 
structure of the head of Vespa in connection with the changes taking place dur- 
ing the metamorphosis. Kirmayer’s excellent figures of the head of the larva 
of Vespa show that while it is similar to that of the honeybee, it differs much in 
details, and particularly in the proportions of the various parts. It may be 
noted that in general the head of the larva of Vespa is both shorter and narrower 
than that of the bee larva, the labrum being indented ventrad and even a trifle 
caudad. (Pl. 10, A.) The labium is relatively much smaller, while the head 
capsule lacks the conspicuous median dorsal cleft seen in the honeybee. 


HYPODERMIS AND CUTICLE 


The hypodermis, which, together with the cuticle secreted by it constitutes 
the body wall, is a simple one-layered epithelium, differing in thickness in different 
parts of the larva. These differences are indicated in many of the illustrations, 
but it may be said that in general both hypodermis and cuticle are thin over the 
entire extent of the trunk, the hypodermis being as a rule thinner at the middle 
of the segments and increasing in thickness in the intersegmented regions, and 
therefore ranging from the squamous to the cuboidal type. In the head the 
hypodermis has a considerably greater average thickness than in the trunk 
(Pl. 2, B,and3,D). The hypodermal cells here have as a rule a prismatic form, 
and are in many places so slender and so closely crowded together that the nuclei 
are compelled to lie at different levels, giving the impression of a many-layered 
epithelium. It should be noted that in the larva there is no thinning of the 
hypodermis or cuticle at the borders of the segments or at the bases of the mouth 
parts. Such a thinning would correspond to the articular membranes of the 
imago. 

The rudiments of the antennez, wings, legs, and genitalia remain to be men- 
tioned, since they are hypodermal structures. The antennal rudiments of old 
larve are ovoid in form and are situated in deep depressions or cavities (peripodal 
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cavities) on either side of the labrum. They are directed cephalad and slightly 
mesiad, their smaller ends directed outward, and are attached by the mesial side 
of their larger inner ends to the head capsule on the mesial side of the peripodal 
cavities. The long axis of the rudiments is therefore actually bent through an 
angle of about 90 degrees (Pl. 2, D). The cavities themselves are closed only by 
the chitinous cuticle, which is continuous over their external openings. The tips 
of the antennal rudiments project slightly above the general surface of the head 
and produce the small rounded elevations visible from the exterior (Pl.1, F and G, 
Ant). The segments of the antenne are indicated by the wavy contour of 
their hypodermis as well as by the distribution of the antennal nerve. (PI. 2, D, 
AntNv.) 

The leg rudiments (fig. 1 and 4, A, 7Z-3L) are short fusiform or ovoid in shape, 
like the antennz, and are also situated in deep open depressions covered externally 
only by the cuticle. The leg rudiments are directed caudad and mesiad. The 
segments of the imaginal legs are indicated by annular constrictions. The wing 
rudiments are flat hollow outgrowths of the hypodermis of the mesothoracic and 
metathoracic segments and are situated in shallow depressions low down on these 
segments, close to the ventral surface and at a considerable distance ventrad to 
the stigmata of these segments (fig. 1, Pl. 1, D, and fig. 4, A, WngR). In outline 
the wing rudiments are heart-shaped. 

The rudiments of the genitalia (fig. 1, 1G—3@) are six in number, one pair being 
situated on the sternite of the 8th abdominal segment and two pairs on the 9th 
abdominal segment, as described by Dewitz (9). At this stage they are small 
knob-like outgrowths situated in open depressions. 

While the cuticle of the trunk is thin and elastic, that covering the cranium 
is much thicker and forms a more or less rigid capsule for the protection of the 
contained brain and other organs. The chitin covering the mouth parts is, as 
has already been said, thin and relatively flexible. 

The rigidity of the head capsule is further increased by the cranial endoskeleton 
or tentorium, formed during the embryonic period by invaginations of the 
ectoderm (36). In the imagoes of insects the tentorium is evident as a frame- 
work of chitinous bars, but in the bee larva the embryonic conditions persist so 
that the tentorium consists of tubular ingrowths of the hypodermis linéd with 
chitin, the hypodermal portion being relatively well developed as compared with 
the imago, in which the hypodermis forms a relatively insignificant layer. Lying 
between the oesophagus and the suboesophageal ganglion, transverse to the long 
axis, is a wide tube lined with a thick layer of chitin, compressed in a dorsoventral 
direction and slightly curved, the convex side being directed cephalad. This 
tube is subdivided—on embryological evidence—into three nearly equal parts, a 
central body (Pl. 1, A, and 6, D, Ten), and two lateral arms, the “‘posterior”’ 
arms (2T'en). The latter become continuous with the walls of the head capsule 
at the posterior ends of the deep lateral furrows of the head. These infoldings, 
or at least their posterior part, may in fact be considered as the expanded distal 
ends of the posterior arms, the furrows leading at their posterior ends directly into 
the lumen of the posterior arms, which, together with the lumen of the central 
body, forms a continuous open passageway from one side of the head to the other. 
At the junction of the central body with the lateral arms arise the anterior arms 
(Pl. 1, A, 17 en) which extend cephalad and dorsad to the anterior wall of the 
head capsule, with which they are united. These points of junction are marked on 
the exterior by two minute pits, situated above the bases of the mandible at the 
sides of the labrum (Pl.1,F, 17en). The anterior arms are also tubular but are 
much more slender than the posterior arms and are round in section. Halfway 
between their anterior and posterior ends each of the anterior arms gives off a 
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slender spur dorsad and laterad. These serve as the tendonous insertions of 
short muscles inserted on the anterior wall of the cranial capsule. 

The mandibular apodemes also claim attention here. These are slender 
tapering chitinous spines which arise from the base of each mandible on its mesial 
side and are directed caudad and dorsad (Pl. 1, A, RAp). These, as their name 
indicates, serve as tendonous insertions for the large adductors of the mandibles, 
These spines are hollow for a considerable part of their length and are both 
accompanied and produced by corresponding involutions of the hypodermis. 

White (50) has already called attention to the minute spines of the larval 
cuticle. These are more or less irregularly scattered over the surface of the 
cuticle of the head and trunk, the distance between them varying from 5 to 30 
microns. Their length does not exceed the thickness of the cuticle, which is 
5 to 6 microns. On the mesial surface of the tips of the maxillae these spines 
are however quite numerous, while the extreme tip of the labrum is clothed with 
thick-set chitinous spines, longer and more slender than those found elsewhere. 

The head capsule and endoskeleton of the head of the bee are, except for slight 
differences in proportion, identical with those of the larva of Vespa, as described 
by Kirmayer (26). 

NERVOUS SYSTEM 


The general features of the nervous system of the bee larva have already been 
described in an earlier publication (36). These features indicate on the whole 
a conformity to the simple type found in many insect larvae. In the bee larva 
this simple type persists throughout larval existence, although histological 
changes are continually taking place, especially in the brain, in the direction of 
the imaginal condition. In comparison with certain other insect larvae, such as 
Corydalis (13), the nervous system of the bee seems deficient, particularly with 
regard to the sympathetic nervous system. This may, however, only argue a 
deficiency in observation. The small size of the bee larva and the abundance 
of fat tissue, which more or less completely fills all the spaces of the body cavity, 
clinging tenaciously to whatever organs lie adjacent, constitute no small obstacle 

to successful dissectio n, while the tracing of nerves in sections has not been found 
satisfactory. 

The nervous system of the bee larva has never been described or illustrated 
in detail. Probably the only figures worth mentioning are those of Brandt (4), 
and the one shown in the Leuckart and Nitsche wall charts (31), a figure widely 
copied in text books and evidently borrowed from Brandt. These show little 
more than the general plan of the nervous system, the shape and proportions of 
the brain and circumoesophageal connections being incorrectly represented. 
Brandt’s figure shows correctly the number and relative size of the ganglia in the 
ventral chain, and also the paired connections and lateral nerves. 

In describing the nervous system it may be conveniently divided into the brain, 
the ventral nerve cord, and the stomatogastric nervous system. The following 
description, unless otherwise stated, is to be understood as applying to the mature, 
or nearly mature, larva. 

BRAIN 


The brain is of relatively large size, almost completely filling the upper part of 
the head capsule (fig. 1, Br; Pl. 1, B, C). It is divided symmetrically into 
two expanded crescentic halves united on their convex borders by the supra- 
oesophageal commissure (Pl. 1, B, Sup Com). Seen in face view, each half presents 
a mesial pyriform division, the slender inferior ends of which form the crura 
cerebri (CCer) connecting the brain with the suboesophageal ganglion (Soe(ng) ; 
above these follow in order the small but prominent tritocerebrum ($Br), the 
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deutocerebrum, olfactory or antennal lobes (AntL), and the large protocerebral 
lobes (1Br). Laterad and caudad the protocerebral lobes merge into the broad 
auriculate optic lobes (OpL), which lie almost precisely in the transverse plane. 
Their edges are quite thin and their posterior faces almost perfectly flat. The 
two lobes of the tritocerebrum are recognizable externally as distinct swellings 
most evident in profile 
view (Pl. 1, C, 3Br); 
those of the deutocere- 
brum, however, are to be 
identified externally only 
by the antennal nerves 
which spring from them. 
On the anterior faces of 
each of the optic lobes, 
near their ventral mar- 
gins, and involving also 
the antennal lobes, is a 
well-marked depression, 
of a somewhat hemi- 
spherical outline. These 
depressions are produced 
by the peripodal cavities 
of the antennal rudi- 
ments, which in mature 
larvae are of large size. 
Two pairs of nerve 
trunks arise from the 
brain. The first of these, 
the antennal nerves (PI. 
1, B and C, AntNv) 
spring from the antero- 
lateral faces of the anten- 
nal lobes. They then 
take a lateral course to 
the base of the antennal 
rudiment, where each di- 
vides to form three 
branches. Two of these 
branches innervate the 
adjacent masses of meso- 
dermal cells surrounding 
the base of the antennal ‘ 
rudiment, and are there- soo" 
fore evidently motor 
nerves. The third or 
sensory branch enters the in 
cavity of the antenna 
and passes along its lat- Fia. 1.—Nervous system and ventral body wall of mature honeybee 
eral margin, sending off larva, drawn from a dissection. X16 
a tuft of nerve fibers to each segment. This is well illustrated by Plate 2, D, 
which shows the antennal rudiment in longitudinal section with the nerve (AntN») 
giving off branches to each of the six segments seen in the section. The labro- 
frontal nerve (Pl. 1, B and C, and 2, B, LmNv) springs from the anterior face 
of each of the two halves of the tritocerebrum. This nerve is, as its name 
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indicates, a double one, and near its point of origin it divides into its component 
parts, the frontal nerve (Pl. 1, B and C, FiNv), which turns mesiad to unite with 
the stomatogastric or frontal ganglion (FiGng), and the labral nerve (LmN»), 
The latter takes a cephalad course, entering the clypeus at its extreme lateral 
border, and runs close under the hypodermis to the tip of the labrum, where 
it divides into several branches innervating the hypodermis. 

The two halves of the tritocerebrum are united by the suboesophageal com- 
missure (SoeCom), a relatively thick strand of nerve tissue which forms a loop 
below the oesophagus. Its two ends are joined to the two halves of the trito- 
cerebrum on their ventral sides, just anterior to the crura cerebri. 

In the imago of the honeybee two other pairs of nerves have been described 
which, however, appear to be absent in the larva. These are the tritocerebral 
nerve, discovered by Janet (19) in the ant Lasius, which issues from the inner 
faces of the tritocerebral lobes and innervates the inferior dilator muscles of the 
pharynx, and the salivary nerve (Kenyon, 25), which also issues from the trito- 
cerebrum and innervates the salivary gland. Jonescu (21) has shown that the 
roots of both of these nerves lie in the suboesophageal ganglion. 

The suboesophageal ganglion (Pl. 1, B and C, 2, B, and 3, A, SoeGng) is len- 
ticular in form, somewhat broader at its anterior end, and turned obliquely 
with respect to the long axis of the larva, its anterior end being directed dorsad 
as well as cephalad to meet the crura cerebri. It gives rise to four pairs of nerves, 
as follows: 

1. The mandibular nerves (Pl. 1, B and C, MdNv). These arise from the 
antero-lateral angles of the ganglion, just below the crura cerebri. Each of these 
nerves pursues a cephalad course, turning slightly dorsad and laterad, just 
below and parallel to the anterior arms of the tentorium, to the base of the man- 
dible, where it divides into branches which are distributed to this appendage. 

2. The maxillary nerves (Pl. 1, B and C, MzNv). These arise from the ven- 
tro-lateral face of the ganglion, a short distance behind the mandibular nerves. 
These nerves run ventrad, laterad, and cephalad to the anterior surface of the 
depressors of the maxillae (see p. 1190). Here each of these nerves divides into 
three branches, one of which supplies the depressor, a second the flexor of the 
maxilla, while the third pursues a cephalad course into the interior of the maxilla, 
where it branches among the mesoderm cells situated there. 

3. The labial nerves (Pl. 1, B and C, LbNv). These arise from the ventral 
face of the suboesophageal ganglion, near its lateral borders, and about two- 
thirds of its length from the anterior end. Each of these nerves runs ventrad 
and laterad to the major retractor, where each nerve divides into two branches, 
one of which supplies the retractor muscle while the other continues cephalad to 
the tip of the labium. 

4. X nerves of Jonescu (Pl. 1,C, z). These arise from the lateral faces of the 
ganglion close to its posterior end. Although taking their rise from prominent 
papillate elevations on the side of the ganglion, these nerves in old larvae are 
excessively slender and correspondingly difficult to trace. The evidence obtained 
by examination of several series of sections seems, however, to indicate that the 
X nerves pursue a fairly direct course ventrad and laterad, reaching the hypo- 
dermis close to the origin of the major retractors of the labium. In sections of 
recently hatched larvae these nerves are relatively much larger than in older 
larvae and in fact are very easily distinguished. Their course is directly laterad 
to the ventral margin of the junction of the posterior arms of the tentorium with 
the hypodermis of the neck region. . No indication of a connection with the silk 
gland was seen. It appears therefore that in the bee larva this nerve is purely 
sensory. Jonescu (21) has described this nerve in his account of the brain of the 
imaginal honeybee, but is silent regarding its course and destination. The 
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writer has also seen it in sections of material of the imaginal bee, but has been 
unable to follow it to its termination. As in the larva, it is insignificant in size, 
although plainly evident at its point of departure from the ganglion. Janet (18) 
has described a fourth pair of nerves arising from the suboesophageal ganglion in 
the ant Myrmica rubra, and Krauss (28) and Hammar (13) have described a pair 
of nerves in the Corydalis larva arising from the caudo-lateral portion of the 
ganglion just cephalad of the junction of the connectives with the ganglion. In 
Myrmica rubra the nerve corresponding in position to the X nerve, termed by 
Janet “the labial sympathetic nerve (nervus sympatheticus labi)”’ gives rise to a 
complex system consisting of a ganglion and three branches on each side of the 
mid-line. These innervate the labial gland and also adjacent muscles and 
tracheae. In Melanoplus (39), Corydalis larva (13), Forficula and certain other 
insects (29) a pair of nerves make their exit from the lateral faces of the suboeso- 
phageal ganglion near its posterior end, generally known as “salivary gland” 
nerves. In the bee larva no connection between the X nerves and the salivary 
(silk) gland could be established, but it nevertheless is possible in view of the 
close correspondence in the point of exit from the suboesophageal ganglion of the 
salivary gland nerves in Melanoplus, Corydalis, etc., the labial sympathetic 
nerves in Lasius, and the X nerves in Apis, that these are all homologous. Piet- 
schker (42) has described a nerve in the ant which he terms “nervus accessorius.”’ 
It springs from the suboesophageal ganglion about half way between the labial 
nerve and the connectives and runs toward the labium, where it ends in depressions 
of the hypodermis, possibly representing sense organs. This nerve in its point 
of exit and its termination closely approximates the X nerve of the bee larva. 
The accessory nerve of Pietschker is entirely distinct from the salivary nerve 
which was also observed and makes its exit from the dorsal side of the ganglion. 
It is also not to be identified with the labial sympathetic nerve of Janet. 

The brain and suboesophageal ganglion of the mature larva, with reference 
to their external form, differ slightly from those of the young larva, and very 
materially from those of the imago. In the newly hatched larva (36) the two 
lobes of the protocerebrum (including the optic lobes), as compared with those 
of the mature larva, are shorter and thicker, and are bent caudad instead of 
lying in a plane transverse to the long axis of the larva. Moreover, they show 
clearly a subdivision into three lobes, as described by Viallanes (49) for Or- 
thoptera. The antennal lobes, although not prominent, are present as distinct 
swellings, while the tritocerebral lobes are scarcely differentiated externally 
from the antennal lobes on the one hand and the thick crura cerebri on the 
other. The latter merge caudad into the elongate suboesophageal ganglion, 
which is divided externally into three swellings representing its three component 
pairs of ganglia. 

As compared with the brain of the larva that of the imago (21) shows striking 
differences. Superficially there is a certain resemblance between the two, 
principally on account of their flat expanded form and the large size of the 
optic lobes. In the imago, however, the protocerebral lobes become high 
bilobed elevations separated from the optic lobes by well marked constrictions, 
and the antennal lobes become conspicuous rounded swellings projecting from 
the anterior face of the brain; while the tritocerebral lobes, which are fairly 
distinct in the larva, become almost indistinguishable. Moreover, in the imago 
the suboesophageal commissure becomes so fused with the suboesophageal 
ganglion as to be indistinguishable externally, while the frontal ganglion sinks 
to insignificant proportions, On the other hand, the suboesophageal ganglion 
of the mature larva differs but little in form, size and general external appearance 
from that of the imago. It is scarcely necessary to remark that most of these 
differences, such as the difference in size of the antennal lobes, may readily be 
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correlated with the differences in the environmental conditions of the two forms, 
yet some of these differences, such as the reduction in size and relative importance 
of the tritocerebrum and of the suboesophageal commissure, represent develop- 
ments in the direction of specialization. In other words, notwithstanding its 
relatively specialized form, the brain of the larva is appreciably nearer the 
primitive type, as represented in the lower orders of insects, than is that of the 
imago. 




















VENTRAL NERVE CORD 





The ventral cord consists of 11 ganglia united by rather widely separated 
connectives (fig. 1, VNC). All of these ganglia, with the exception of the 
eleventh, or terminal ganglion, are situated in the anterior half of their respective 
segments. In form the ganglia are more or less lenticular, the first three, or 
thoracic, being much larger than the abdominal ganglia. The latter are subequal 
in size, with the exception of the eleventh or terminal ganglion, which is elongate 
in form and much larger than the others. Unlike the other ganglia, this one is 
situated in the middle of its segment, the eighth abdominal. This ganglion, as 
usual, is compound, consisting of three ganglia and the rudiment of a fourth 
(6, 38), representing, respeetively, the neuromeres of the 8th, 9th, 10th and 
11th abdominal segments. 

Each thoracic ganglion gives off two pairs of lateral nerves (fig. 1 and 4, A). 
The first pair arises from the antero-lateral margin of the ganglion close to the 
point where the latter joins the connectives. In the prothorax these nerves run 
laterad in the anterior half of the segment, close to the hypodermis. In the 
mesothorax and metathorax these nerves also run laterad, giving off a branch 
to the ventral trunk muscles, and, continuing onward, skirt the anterior margin 
of the wing rudiments. At the antero-lateral border of the latter each of these 
again bifurcates, one branch going to the wing rudiment while the other passes 
dorsad and laterad to the viscera. 

The second of the two pairs of nerves given off arises from the lateral margin 
of the ganglion about midway of its length. The course and distribution of 
these nerves is the same in all three thoracic segments. Each passes laterad and 
slightly caudad to the leg rudiment (1L-3L) of the corresponding segment, send- 
ing a branch to the base of the rudiment. It then continues laterad and is lost 
to view among the muscles and fat cells. 

Each of the abdominal ganglia, exclusive of the terminal ganglion, possesses 
but one pair of lateral nerves (fig. 1 and 4, B, LNv). These nerves run directly 
laterad, giving off branches to the ventral trunk muscles, as shown in Figure 
4, B, and become lost to sight among the trunk muscles and viscera. 

The 8th abdominal or terminal ganglion gives off four pairs of nerves (fig. 1). 
The first pair arises from the lateral margins of the ganglion near its anterior 
end and passes laterad to the muscles and viscera of the 8th abdominal segment. 
The second pair of lateral nerves originates so close behind the first pair that 
these two pairs can be regarded as having a common root. These two pairs of 
nerves go to the first pair of genital rudiments (1G). The third pair of lateral 
nerves runs caudad into the 9th abdominal segment, breaking up meanwhile into 
several branches, some of which supply the second pair of genital rudiments (2@). 
The fourth and last pair arises from the posterior margin of the ganglion, and 
these nerves run almost directly caudad tothe 10th segment, where they break 
up into branches supplying the viscera and muscles of this segment. Three seg- 
ments, the 8th, 9th, and 10th abdominal, are therefore represented in the ter- 
minal ganglion on the basis of the number and distribution of the lateral nerves. 
The fourth segment, the 11th abdominal, is represented by only an insignificant 
ganglionic rudiment, and its corresponding segment disappears about the time 
embryonic development is completed. 
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STOMATOGASTRIO NERVOUS SYSTEM 


In the bee larva, so far as known, this is the sole representative of the so-called 
sympathetic nervous system. It consistsYof the frontal or stomatogastric gan- 
glion and the nerves associated with it. The frontal ganglion is of relatively 
large size, in comparison with the imago, and is more or less pyriform in shape, 
its smaller end directed caudad (Pl. 1, B and C, and 3, A, FiGng). It is situated 
above the oesophagus and just in front of the brain. Its sole connection with 
the brain is made by means of the frontal commissures or nerves (FtNv), which 
are rather stout bundles of fibers arising from the two sides of the ganglion near 
its anterior end. From this point they run laterad and caudad to the anterior 
faces of the two halves of the tritocerebrum, joining there the roots of the labral 
nerves, as already described. From{the anterior end of the frontal ganglion a 
small nerve is sent off, sometimes calledjthe ‘‘frontal nerve.”’ This term, how- 
ever, is objectionable, since it is also commonly applied to the commissures con- 
necting the frontal ganglion with the;tritocerebrum. The nerve in question (PI. 
3,.A, SPhyNv) runs cephalad along the dorsal surface of the oesophagus to the 
epipharynx, where it divides into severalgbranches, some of which go to the 
epipharangeal muscles. Twigs are also apparently sent to the tip of the labrum. 
In view of its terminations, Janet (18) has termed the corresponding nerve in 
Myrmica rubra “nerf des muscles¥supérieurs du pharynx situés en avant du 
ganglion frontal.” This descriptive term the writer for convenience ventures 
to abbreviate to “superior pharyngeal nerve’ (SPhyNv). In Myrmica rubra 
there is another nerve to the posterior superior muscles of the pharynx. This 
nerve apparently is not represented in the bee larva. The posterior smaller end 
of the frontal ganglion is continued caudad as the stomatogastric or recurrent 
nerve (Pl. 3, A, StgNv). This nerve passes caudad in close contact with the 
dorsal wall of the oesophagus, meanwhile rapidly diminishing in caliber, to the 
posterior part of the head. Here it bifurcates, and a little farther caudad the 
two forks break up into branches too small to be successfully traced. In young 
larvae, and even in those as much as three days old, the two bifurcations of the 
recurrent nerve lead to flat discoid cell masses, closely applied to the sides of the 
oesophagus. These cell masses have been interpreted as the pharyngeal ganglia 
(36). In mature larvae they are no longer present, their places being taken by 
branches of the recurrent nerve, as stated above. 


HISTOLOGY 


The histology of the nervous system of the bee is too complex to be treated 
here in detail, but there are nevertheless certain outstanding features which 
deserve consideration. 

The outer neurilemma or sheath consists of a layer of cells, usually single, 
limited on each side by a delicate but distinct membrane, and forms the outer 
covering layer of the brain, the various ganglia, the connectives, and at least the 
roots of the peripheral nerves. In both its thickness and in the form of its com- 
ponent cells the neurilemma differs much in character at different points. On 
the dorsal surface of the suboesophageal ganglion, for example (PI. 2, B, SoeGng) 
the neurilemma (Nim) often has the appearance of being only a single membrane, 
the two component membranes being actually brought very close together and 
the neurilemma cells being thin, flat, and spaced widely apart. At certain 
other points, in particular the posterior surface of the protocerebral lobes (Pl. 2, B, 
Nim), the neurilemma is, on the other hand, very thick, and its cells, irregular 
and mesenchymatous in form, are seemingly disposed in several layers. Usually 
the neurilemma cells form a regular epithelial layer (Pl. 3, Band C, Nim). Their 
cytoplasm, however, commonly presents a more or less shrunken and vacuolated 
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appearance, while the nuclei frequently stain very intensely with iron haema- 
toxylin (Pl. 3, C, Nim). An inner neurilemma is present as a more or less regular 
layer of small cells lying between the ganglion cells and the fibrous substance. 
It is best developed and most early seen in the brain (Pl. 2, B, JNlm), and less 
so in the smaller ganglia. (Pl. 3, C, JNIm.) 

The brain and other parts of the central nervous system present in sections 
the usual core of nerve fibers and the cortical zone of nerve cells. (Pl. 2, A 
and B.) In the larval brain many of the features of the imaginal brain are 
plainly recognizable. This is particularly true of the broadly expanded optic 
lobes, which in transverse sections clearly display a division into inner, middle, 
and outer fibrillar masses (Pl. 2, A, fm3, fm?, fm1), while the cells and their 
fibrous processes show a distinct radial arrangement. In Plate 2, A, a layer of 
fibers intermingled with small cells is seen situated near the lateral faces of the 
optic lobes, between the latter and the hypodermis. These are evidently the 
developing postretinal fibers (PrF). They enter the optic lobes on the posterior 
surface of the latter, near their lateral margins, and may be traced around their 
lateral margins to the optic plates. The latter comprise two crescentic thick- 
ened areas of the hypodermis (ectoderm), one on each side of the head, their 
extent and relation to the remainder of the head capsule being indicated by 
Plate 2, C, OpPl. 

The ocelli are present at this stage as hypodermal thickenings. Those for 
the two lateral ocelli are shown in Plate 2, A, O. The rudiment of the median 
ocellus lies farther cephalad, in the median groove (43). 

Centrad and somewhat cephalad of the optic lobes, the rounded protocerebral 
lobes (Pl. 1, B, 7Br) are seen to contain well-developed mushroom bodies, which 
are essentially similar to those of the imago (Pl. 2, B, MB). These bodies were 
found to be recognizable in a larva three days old. 5 

The deutocerebral or antennal lobes, although not evident externally, are 
distinguishable in sections by corresponding enlargements of the fibrous core 
(Pl. 2, A and B, AntZ), and the relatively prominent tritocerebral lobes are 
similarly characterized (3Br). 

The internal structure of the ganglia of the ventral nerve cord of the bee 
larva is simple, offering no striking peculiarities, and may probably be con- 
sidered as fairly typical of the condition generally found in the simpler types 
of insect larvae. As seen in Plate 3, B, which represents a transverse section 
through the fifth abdominal ganglion, each ganglion is divided externally into 
right and left halves, representing the two members of the pair of primitive 
single ganglia. ‘The outer surface of the ganglion is covered by a well-defined 
neurilemma (Nim). Internally each lateral half consists of a central mass of 
nerve fibers, continuous with that of the connectives and surrounded by ganglion 
cells (NvF). These two central masses of nerve fibers are connected with one 
another by two parallel transverse strands of nerve fibers, the commissures 
(Pl. 3, Band C,Com). These are, as shown in Plate 3, C, situated somewhat 
cephalad of the middle of the ganglion. On the left side, in Plate 3, B, a strand 
of fibers (LNvF) is seen passing laterad from the central mass of fibers. On 
the right side the ganglion is seen to extend itself laterally into the lateral nerve 
of this side, in which is seen a strand of fibers (LNvF) corresponding to 
that of the opposite side. On the right side, however, the connection of the 
nerve fibers of the lateral nerve with the central mass is not shown in this 
section. 

5 The duration of the feeding period of the larva is from four and one-half to five and one-half days. 
Larvae taken at or near the end of this period are considered mature, and it is to such larvae that the 
description above applies, unless otherwise stated. 
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The suboesophageal and the terminal, or 8th, abdominal ganglia are, as al- 
ready mentioned, compound ganglia. The threefold nature of the suboesopha- 
geal ganglion is evident in sagittal sections such as that represented in Plate 3, A. 
At first glance four segments appear to be indicated by the presence of four 
commissures and four corresponding groups of ganglion cells. Examination of 
other sections of this series, however, as well as of the sagittal sections of other 
larvae of the same age, and also of younger larvae, shows that the last two 
bundles of transverse nerve fibers, together with the last two cell groups, belong 
to the labial segment. This component of the suboesophageal ganglion shows 
from the first two well-defined transverse commissures, like those of the succeed- 
ing trunk ganglia (86, fig. 45), while the mandibular and maxillary divisions 
never show clearly more than one. In the terminal ganglion three double 
commissures are distinguishable, being those of the 8th, 9th, and 10th abdominal 
segments (38). The same condition is found in embryos of Forficula (14, fig. 44). 

One detail in the cellular composition of the nervous system should be noted. 
In the peripheral region of the brain and ganglia of the ventral cord of mature 
larvae are to be seen here and there cells of large size, which in their mode of 
division and other characters are plainly to be identified as neuroblasts. This 
observation corresponds with those of Bauer (%) on the larvae of Vespa, Formica, 
and other insects. Hilton (15) also reports the presence of neuroblasts in the 
brain and ventral cord of the larva of Corydalis. 


CORPORA ALLATA 


The corpora or so-called ‘‘ganglia” allata have, as is now well known, no 
intimate connection or relation with the nervous system, but since they have 
also no connection with other organ systems it is convenient to follow the time- 
honored custom of considering them at this point. They have in the mature 
larva the same structures and relations as in the newly hatched larva (36). 
They are spherical bodies (Pl. 2, B, CorAll), about 0.85 mm. in diameter, situated 
one on each side of the mid-line, close behind the brain, lying on the dorsal side 
of the anterior arms of the tentorium, near their posterior ends, and in close 
contact with the lateral walls of the aorta. Each is composed of a compact 
mass of polyhedral cells having finely granular and deep-staining cytoplasm, 
and nuclei with abundant chromatin in the form of subspherical granules. Sur- 
rounding the corpora is a delicate membrane secreted by the outer layer of cells. 
Just cephalad of the corpora, on each side of the aorta, is a tuft of tracheoles. 
Two or three of these enter the corpora allata and may be seen here and there 
between the cells of the latter. 


TRACHEAL SYSTEM 


The external openings of the tracheal system, the spiracles (fig. 2, A, Pl. 1, D, 
Sp), are 20 in number, or 10 pairs, each of the 10 segments from the 2d trunk 
(thoracic) segment to the 10th (8th abdominal), inclusive, bearing one pair. 
They are arranged on each side in a row parallel with the long axis of the body, 
and very nearly midway between the ventral and dorsal mid-lines. The mesotho- 
racic spiracles are placed near the anterior limits of that segment; in the older 
larve they are located so far cephalad that they have frequently the appearance 
of coming within the limits of the prothorax. The spiracles of the succeeding 
segments are also located near the anterior borders of their respective segments 
at the bottom of shallow depressions, which are continuous with the adjacent 
intersegmental constrictions. Each spiracle is a minute, round aperture situated 
in the middle of a small circular elevation of the surface, the stigma. The 
spiracles are connected by short branches, the spiracular branches (Pl. 3, D, 
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SpBr), to the tracheal trunk (fig. 2, A, TraTr) of the corresponding side. Each 
of these trunks traverses the body cavity, about midway between the hypodermis 
and mid-intestine, slightly ventrad to the line formed by the spiracles of that 
side. The tracheal trunk of a mature larva has an inside diameter of about 0.1 
mm. in its posterior and larger half; in the three anterior segments its diameter 
is reduced to about one-half of this caliber. The anterior ends of the tracheal 
trunks of opposite sides meet to form a loop, the anterior transverse commissure 
(fig. 2, A and B, AT'ral), in the region of the neck and above the oesophagus; 
a similar loop, the posterior transverse commissure (fig. 2, A, PTraL), is formed 
by the posterior ends of the tracheal trunks. This latter, however, is situated 
ventrad of the posterior end of the mid-intestine, near its junction with the 
hind intestine. The two tracheal trunks are also united by a segmentally 
arranged series of transverse commissures, which lie in the ventral half of the 
body cavity, close to the body wall, passing below the ventral nervecord. Ina 
larva three days old or more the prothorax is seen (fig. 2, A) to possess one com. 
missure, while the mesothoracic, metathoracic, and first abdominal (propodeal) 
segments each possess two commissures. These, however, become confluent 
just before their junction with the tracheal trunks. It should be noted that the 
commissures in the thoracic segments are quite slender, while those in the Ist 
abdominal segment approximate the diameter of the tracheal trunks at this 
point. In the 2d to the 8th abdominal segments the transverse commissures 
are single and of large diameter, the most anterior being largest, while the trans- 
verse commissure of the 9th abdominal segment is relatively slender and its 
course somewhat oblique. The prothoracic commissure joins the tracheal trunks 
just in front of the branches from the mesothoracic spiracles, those of the meso- 
thorax just behind these branches. The commissures of the other segments, 
except that of the 9th segment, join the tracheal trunks either close to or slightly 
caudad to the corresponding spiracular branches. 

Throughout their length the tracheal trunks give off numerous branches 
which supply the various regions of the body. Three branches on each side 
supply the head. The more anterior of these (fig. 2, B, Bral) arises from the 
anterior transverse commissure close to the mid-line and runs cephalad to the 
brain, passing beneath the base of the optic lobes. It then turns abruptly 
dorsad, and supplies the anterior face of the brain and the region immediately 
adjacent (a). In the latter part of its course it passes close to and in contact 
with the spine, which arises from the anterior arm of the tentorium on each side. 
The second branch (Bra2) is much larger and arises from the anterior face of 
the transverse commissure a short distance ectad of the branch just described. 
Near its base it gives off a secondary branch (b) which passes mesiad and cephalad 
above the brain between the two halves of the protocerebrum, and supplies the 
aorta and the brain in the region of the mushroom bodies. The main branch 
takes a straight course cephalad and slightly ventrad, below the optic lobe, to 
the anterior region of the head, where it divides into three secondary branches. 
One of these (c) curves abruptly dorsad and breaks up into a large number of 
tracheoles at the base of the antennal rudiment. Before terminating its course, 
however, it gives off a twig to the mandible and one to the labrum. The second 
secondary branch passes mesiad to the head cavity underlying the supraceso- 
phageal ganglion. The third secondary branch (d) supplies the maxilla. 

In the prothorax the only tracheal branch worth noting is one (fig. 2, B, e) 
which arises on each side from the single tracheal commissure of this segment 
near its junction with the tracheal trunk, and passes mesiad and cephalad to 
supply the walls of the salivary glands in the region of the neck. In the remain- 
ing trunk segments, exclusive of the 9th and 10th abdominal, the number and 
arrangement of the tracheal branches is virtually identical. Springing from the 
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dorsal side of the tracheal trunk on each side close to the spiracular branches ig 
a stout branch which runs dorsad for a short distance, and then divides into two 
secondary branches. One of these (fig. 2, A, h) runs dorsad along the line of 
separation from the segment next preceding and supplies the pericardial cells 
of this region. The other secondary branch (i) takes an oblique course along 
the suture separating the prescutum and the scutoscutellum, and enters the 
pericardial cavity in the middle of the segment opposite the valves of the heart 
in the pericardial intersegmental sinus. Here the branch breaks up into a few 
tracheoles which are distributed to the walls of the heart. The dorsal branches 
just described may be designated as “superficial,” in contradistinction to other 
(“deep”) branches which supply the viscera. They are branches of consider- 
able size springing from the dorsal side of the tracheal trunks in the intervals 
between the spiracular branches, In addition to these, each of the superficial 
branches usually gives off near its base a twig to the viscera. The viscera in 


Tra Tr... = 





Fic. 3.—A, posterior end of a honeybee larva treated with caustic: potash, seen from right side, showing 
distribution of tracheae to hind-intestine (HJInt), X ca 33; B, distal end of tracheal branch (Ta) 
showing tracheoles (tra) and nuclei of tracheal end cells (Nu), X 195 


the lower half of their segments are supplied by small twigs given off by the 
transverse commissures and not shown in the figures. In the 9th abdominal 
segment a superficial branch is given off caudad of the last pair of stigmata, 
while from the two ends of the posterior transverse commissure two or three 
deep branches are given off which supply the hind-intestine, as shown in Figure 
3, A. 

As in all insects, the tracheae are simple in structure, being merely thin-walled 
tubes composed of small flat epithelial (pavement) cells and lined with a chitinous 
intima which is thickened in the form of fine transverse spirally-wound threads, 
the taenidia. The size of the taenidia is at least approximately proportional to 
the size of the trachea of which they form a part, while the size of the tracheal 
cells themselves remains nearly constant in the same individual. Taenidia are 
found in the tracheal branches up to their termination in tracheal end cells. The 
structure of the spiracular branches, however, differs somewhat from that of the 
tracheae proper. At each point where the hypodermal epithelium turns inward 
to become the wall of a spiracular branch it forms a sharp fold, thus somewhat 
reducing the mouth of the aperture (Pl. 3, D). The chitinous cuticle also folds 
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upon itself at every such point, the fold extending toward the middle of the 
opening in such a way that only a small circular aperture remains. The cells of 
the wall of the spiracular branch next to the hypodermis, although long-pris- 
matic in form, aré of the same size as the latter, and are also covered internally 
by a smooth layer of cuticle. A short distance within, however, the internal 
surface of the wall becomes raised up into annular ridges, thus again reducing 
the diameter of the lumen of the branch so that a distinct antechamber is made, 
more or less spheroidal in form, bounded externally by the chitinous fold border- 
ing the spiracular opening, and internally by the ridges just mentioned. The 
section or zone of the branch bearing the ridges comprises about a half of the 
total length of the branch. The cells are here much larger than elsewhere and 
usually much vacuolated, particularly at their bases. The ridges are here formed 
not so much by thickenings of the cuticle as by the contour of the inner ends of 
the cells themselves, except toward the inner end of this zone, where a number 
of coarse taenidia are found which in sections present a more or less pinnatifid 
form. These intergrade with the taenidia of the usual type which are found 
farther centrad within the branch. Centrad the zone of large cells rather sud- 
denly gives place to the flat pavement type of cells common to tracheae in general. 
The description just given applies to the larva of intermediate size, about three 
days old. In mature larvae the zone of large cells is even more sharply differen- 
tiated, but the cells no longer combine to form annular ridges on their inner 
surface. They are very much vacuolated at their bases, and this portion of the 
spiracular branch presents the appearance of having contracted, reducing the 
lumen to little more than a cleft (fig. 3, B). The significance of this reduction of 
the lumen is not evident. The general aspect and the arborescent mode of 
branching of the tracheae is shown in Figure 3, A. At their tips the branches 
break up rather suddenly into a tuft of delicate filaments, the tracheoles. At 
the point of origin of the tracheoles and surrounded by them is a nucleus, 
of large size as compared with those of the tracheae and of somewhat irregular 
form (fig. 3, B, Nu). Its chromatin is abundant and distributed in the form of 
coarse granules of fairly uniform size. Surrounding the nucleus is an exceedingly 
delicate layer of cytoplasm, which accompanies each tracheole and in fact forms 
part of its wall. This is most clearly seen in transverse sections of tracheoles. 
The intima, however, is that which gives to the tracheoles their sharp contour, 
and since they are still visible in caustic potash preparations it is to be inferred 
that this intima is chitinous. Near their point of origin the tracheoles frequently 
branch; farther on in their course branching becomes infrequent. The tracheoles 
of course vary in length. In a preparation of the muscular layer of the mid- 
intestine of a mature larva a single tracheole was traced for a distance of 0.548+ 
mm. In the pericardial cavity the tracheoles are much shorter than this (about 
0.300 mm.). After the preliminary branching a tracheole is quite uniform in 
diameter, and decreases gradually until the double contour is lost, the tracheole 
finally terminating in a slender point. The course taken by a tracheole differs 
in accordance with the structure of the organ or tissue supplied by it. For 
example, on the outer surface of the mid-intestine, which is very richly supplied 
with tracheoles, the latter run in straight lines or in gentle curves, the majority 
being parallel with the circular fibers. In the fat body, on the other hand, they 
pursue a sinuous course, winding in and out between the fat cells. 

The relation of the tracheoles to the organs and tissues of the honeybee larva 
is essentially the same in every case, since nowhere has a tracheole been seen to 
penetrate a cell, the statements of Leydig (32), Kupffer (30), Lidth de Jeude 
($3), Gilson (12), and Holmgren (16) to the contrary notwithstanding. In the 
case of the alimentary canal and the heart the tracheoles simply spread out over 















































1184 Journal of Agricultural Research Vol. XXVIII, No. 12 





the external surface. On the other hand, the brain, ventral cord, and ovaries 
are not only penetrated by the tracheoles but not infrequently by the finer 
tracheal branches also, the latter terminating in end cells, which therefore lie 
within the tissues of the nervous system or of the ovaries, as the case may be. 
Anastomosis of the tracheoles to form a meshwork, as reported by Wielowieyski 
(51), Von Wistinghausen (54), Petersen (41), Williams (63), and others was 
not abserved. 

The tracheal system of the bee larva offers nothing of special interest in its 
general form and relations and conforms to the type usual in the higher insects, 
As compared with the imago the tracheal system is simpler and more generalized. 
In the abdomen of the imago, however, particularly in segments 3 to 7, the 
tracheal trunks and their metamerically arranged commissures and branches 
may easily be recognized, although now enlarged to form air sacs (46). The 
posterior commissure is wanting. In the thorax the tracheal system is more 
greatly modified, and the larval type correspondingly obscured. 


ALIMENTARY CANAL, MALPIGHIAN TUBULES, AND SILK GLANDS 
ALIMENTARY CANAL 





The alimentary canal comprises a short and slender fore-intestine (Pl. 4, A, 
Oe), a voluminous mid-intestine (MJnt) and a relatively short hind-intestine, 
having a sigmoid flexure (HJnt). 

The fore-intestine shows the usual differentiation into three subdivisions, 
mouth, pharynx, and oesophagus. 

The mouth (Pl. 2, B, Mth) is a narrow transverse slit bounded above by the 
clypeus, below by the labium, and laterally by the mandibles. It opens im- 
mediately into the pharynx. This is a somewhat ill-defined region, comprising 
the anterior end of the fore-intestine and extending caudad to about the point 
where the crura cerebri cross the fore-intestine. The epithelium of the mouth 
and pharynx (with the exception of the roof of the latter) is precisely similar 
to the hypodermis of adjacent parts of the head, being composed of closely 
crowded prismatic cells with flat external ends (Pl. 2, B, and 4, C). On the 
roof of the pharynx is a conspicuous and well developed epipharynx (Pl. 3, A, 
and 4, C, Ephy), which extends from the mouth well back into the oesophagus. 
It is broad and flat at its anterior end (Pl. 3, A, Ephy), scarcely rising above 
the level of the adjacent epithelium of the roof of the mouth, but in the pharyngeal 
region it becomes a highly convex fold of the dorsal wall, projecting ventrad into 
the lumen of the pharynx and giving the latter a crescentic outline in transverse 
section (Pl. 4, C, Ephy). The cells constituting this fold are very different 
from those of the remainder of the pharyngeal wall, being of small size and elon- 
gated, pyriform or club-shaped in form, their larger ends directed toward the 
lumen of the oesophagus. On the dorsal surface of the pharynx the cavity of 
the epipharyngeal fold is crossed by a large number of muscle fibers which unite 
the two lateral edges of the fold. These are shown in Plate 4, C, and in section 
in Plate 3, A, EphyMcl. Beneath these are a few longitudinal muscle fibers. 

On the floor of the pharynx, at its external end, is a small papillate elevation, 
provisionally labeled the hypopharynx (PI. 3, A, Hyphy). 

In addition to the muscles of the epipharynx, the pharynx is provided with 
other muscles, which are described in this paragraph. In the clypeus a pair of 
small muscles take their origin from the dorsal wall and are inserted on the 
epipharyngeal fold close to the median plane. Some four or five pairs of similar 
muscles are ranged behind one another, having their origin on the dorsal wall of 
the labrum. These are the levators of the epipharynx (Pl. 4, C, and 6, C, 
LevEphy). Their action is evidently directly opposed to those crossing the 
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epipharyngeal fold, which, by drawing together the two edges of the fold, force 
the epipharynx down into the lumen of the pharynx and thus occlude it, while 
the levators, on the other hand, virtually serve as dilators. A larger pair of 
muscles having their origin on the dorsal wall of the labrum are inserted on the 
oesophagus at the lateral margins of the epipharynx, the levators of the pharynx 
(Pl. 4, C, LevPhy). Just ectad of these are inserted still another pair of muscles 
which are attached to the cranial wall on each side of the base of the labrum, 
the superior dilators of the pharynx (Pl. 4, C, SDilPhy). On the ventral side 
of the pharynx is a group of muscles having their origin on the anterior face 
of the central body of the tentorium, which are inserted on the ventral wall 
of the pharynx. These are the inferior dilators of the pharynx (Pl. 3, A, 
DilPhy). This list comprises the total equipment of muscles possessed by the 
harynx. 

“ The pharynx passes without material change in caliber into the oesophagus. 
This is a cylindrical tube, its walls continuous with those of the pharynx, but 
formed of cells of a somewhat different character, these being much less crowded 
than those of the pharynx and varying in form from cuboid to long columnar. 
Their central ends are rounded instead of flat. This epithelial layer, however, 
does not always form a true hollow cylinder, being generally more or less in- 
folded at the sides, top and bottom, and the cells being higher at these points, so 
that the lumen of the oesophagus is frequently quadrangular in section (Pl. 2 A, 
Oe), or even in some cases rosette-shaped. A chitinous cuticle, continuous with 
that covering the external surface, lines the oesophagus as well as the mouth and 
pharynx. In the anterior part of the fore-intestine this corresponds in thickness 
with the external cuticle, but toward the posterior end of the fore-intestine it 
becomes thinner, and in sections has a much wrinkled and torn appearance. It 
usually extends a short distance into the lumen of the mid-intestine, forming 
the “funnel” (Trichter) of Schneider (45). On its external surface the oesopha- 
gus is clothed with a single layer of circular (transverse) muscle fibers. Longi- 
tudinal muscle fibers appear to be virtually absent. The caudal end of the 
oesophagus, where it joins the anterior end of the mid-intestine, is reflected back 
on itself to form an oesophageal valve (Pl. 3, A and 5, C, OeViv) similar to that 
found in many other insects. The cells of that part of the valve which is re- 
flected back are notable for their attenuated, almost linear form. Muscle cells 
are lacking between the two folds of the valve. 

The mid-intestine (Pl. 4, A, MInt) has the form of a long hollow cylinder with 
rounded ends, and in mature larvae has a diameter about one-third of that of 
the body. It extends from the prothorax to the ninth abdominal segment. It 
is hardly necessary to state that structurally the mid-intestine is a blind sac, the 
posterior end being completely closed. It is anchored in place by numerous 
tracheae which extend mesiad from the longitudinal trunks. The finer branches 
of these tracheae terminate in tracheal end cells upon reaching the surface of the 
mid-intestine. From these end cells numerous tracheoles are sent out envelop- 
ing the external surface of the mid-intestine. If the muscular coat of the intes- 
tine be stripped off, as can be done in favorable cases, its surface is seen to be 
closely and uniformly dotted with tracheal end cells, one of which is represented 
in Plate 5, D, TraKCl. 

The walls of the mid-intestine are composed of a thick single-layered epithe- 
lium covered externally by a delicate meshwork of muscle fibers. The cells com- 
posing the epithelium (with the exception of a few cells around the anterior end, 
next to the oesophageal valve) are all alike, being relatively large and having in 
general a short and rather cubical form, their mesial margins, however, being 
slightly convex (Pl. 5, B). Here and there are to be seen cells which are pyri- 
form, with their larger ends directed centrad and projecting into the lumen. 
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There is, however, no evidence that cells or parts of cells of the epithelium are 
set free in the lumen, as described by Snodgrass (46) for the imago. The cyto- 
plasm of the cells of the mid-intestine is always deeply stained in sections (Pl. 5, 
A, MInt) and has the appearance of being traversed by numerous parallel 
fibrillae which run at right angles to the surface of the epithelium. A similar 
appearance is found in the secreting cells of the silk gland in certain Lepidoptera 
(12) and in the epithelial cells of the mid-intestine of Ptychoptera (11). The 
nuclei are spherical, as a rule, and contain a large number of chromatin granules. 
In fixed material, at least, these granules, along with the achromatic material, 
are agglomerated into a dense spherical mass within the nuclear membrane, 
leaving a peripheral space vacant. This condition may, however, be an artifact. 
On their mesial surfaces the cells of the mid-intestinal epithelium show a well- 
developed striated border (Pl. 5, B, StrBor) similar to that observed in Ptychop- 
tera (11) and other insects. Wedged in between the bases of the cells, next to 
the basal membrane (intima) triangular groups of minute cells are seen here and 
there. These are the imaginal cells of the mid-intestine (Pl. 5, B, and C, ImCls), 

The mid-intestine is lined throughout by a homogeneous layer of unknown 
chemical nature, apparently of gelatinous consistency, and having a thickness 
two or three times that of the epithelium, the so-called “peritrophic mem- 
brane’’ (Pl. 5, C, Pmb). In sections it is more or less finely granular in struc- 
ture. Peripherally it is in intimate contact with the epithelium of the intestine; 
centrally it is sharply demarcated from the enclosed food mass. Not a little 
has been written concerning this somewhat problematical structure in various 
insects, but a full review of the literature will not be attempted here. Rengel 
(44) has described it in the larvae of the wasp (Vespa) and honeybee, Strindberg 
(47) in the ant embryo, and Snodgrass (46) and Petersen (41) in the adult 
honeybee. Rengel states that in larvae the peritrophic membrane has a lami- 
nated structure consisting of several concentrically arranged membranes, as is 
plainly the case in the adult, but in all of the writer’s preparations of this mem- 
brane he has never observed this structure except at the anterior end of the 
mid-intestine. Elsewhere the membrane is thick and homogeneous, but here 
the epithelial cells grow rapidly and progressively smaller, forming a ring around 
the oesophageal valve (Pl. 5, C, z) and are separated from the latter by a narrow 
space. These cells also differ from those of the remainder of the mid-intestine 
not only in being of smaller size but also in lacking, at least to a large extent, 
the striated appearance of the cytoplasm. From the surface of these cells thin 
streams of secretion can plainly be seen running caudad and joining with the 
principal mass of the peritrophic membrane within the mid-intestine. Streams 
of this material also appear leading inward from the three rows of epithelial 
cells next to the ring of smaller cells, as shown in Plate 5, C, and this appearance 
is characteristic of all of the sagittal sections examined, including preparations 
of both young and old larvae. It suggests that the cells of the anterior rim and 
those of the two or three adjacent rows are responsible for the secretion of the 
peritrophic membrane; an interpretation precisely in line with the view ad- 
vanced by Van Gehuchten (11) in the case of the dipterous larva Ptychoptera 
and Cuénot (8) in Orthoptera. Strindberg, however, has advanced against this 
view the fact that in the ant larva peritrophic membrane is continuous over the 
closed posterior end of the mid-intestine, which, he states, could not be the 
case if the membrane were secreted by an anterior rim of cells. This objection, 
however, would have less weight if, as seems probable, the peritrophic membrane 
is fluid or semi-fluid, since from its nature it would tend to form a uniform layer 
over the area of contact and therefore would flow together over the posterior 
end. It should be noted that the peritrophic membrane described above has 
nothing whatever to do with the cuticle secreted by the oesophagus, the free 
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posterior ends of which frequently project far into the anterior end of the mid- 
intestine (Pl. 5, C, Ctl). 

The external surface of the mid-intestine, as already stated, is covered by a 
delicate network of muscle fibers. A small portion of this sheet, stripped off 
from the mid-intestine, is shown in Plate 5, D. The central or inner surface is 
uppermost. The inner layer (L.Mcl) is composed of branched muscle cells whose 
delicate processes, connecting adjacent cells and thus forming an anastomising 
plexus, tend to run in a longitudinal direction. Below these, and morphologi- 
cally outside of them, is a layer of transverse muscle fibers (7'Mcl). These are 
closely and uniformly spaced, and are also quite uniform in caliber. The nuclei 
of the cells composing this layer are much smaller than those of the inner layer. 
The muscle cells of the transverse layer are also interconnected by extremely 
delicate protoplasmic processes, some of which are indicated in the figure. 

The hind-intestine (Pl. 4, A, HJnt) is a cylindrical tube of fairly uniform 
diameter except at its anterior end, where it shows a funnel-like or bell-shaped 
expansion, the larger end of which is applied to the posterior end of the mid- 
intestine. From this point it bends ventrad, taking a cephalad course to the 
sixth abdominal segment, where it bends sharply upon itself and takes a direct 
course caudad to its termination on the tenth abdominal segment. The hind- 
intestine of the honeybee larva exhibits a simpler structure than that of the ant 
larva, in which the posterior portion of the hind-intestine is enlarged, narrowing 
again near the anus, three divisions being thus formed, small intestine, large in- 
testine and rectum (35). This condition also exists in the larva of the beetle 
Anobium (23). 

As already stated, the anterior end of the hind-intestine exhibits a funnel- 
like or bell-like enlargement (Pl. 4, A). The end of the funnel is, however, not 
open, but is closed by an extremely thin layer of minute cells (Pl. 6, A, dph), 
which is continuous around the margin of the funnel with the epithelial wall of the 
mid-intestine. This epithelium, on the sides of the funnel-like enlarged portion, 
is thick and composed of a large number of slender club-shaped cells (Pl. 6, A, 
HInt). These give place, at the neck of the funnel, to larger prismatic or co- 
lumnar cells. The remainder of the epithelium of the hind-intestine is formed of 
cells of this type. This is thrown into deep folds, as shown in Plate 5, E, pro- 
jecting almost to the center of the lumen and giving the latter a stellate aspect in 
section. Relatively stout muscle fibers (7’Mcl) encircle the hind-intestine, 
being found from the margin of the funnel-like expansion to the anus. These 
are for the most part arranged in a single layer, but toward the posterior end they 
become more numerous and are arranged in two or even three layers. Outside 
of the transverse muscles are a few irregularly arranged longitudinal fibers (Pl. 5, 
E, LMcl). In the 10th segment numerous slender muscle fibers run between 
the lateral hypodermis and the lateral walls of the hind-intestine. 

The posterior termination of the hind-intestine, the anus, is a simple trans- 
verse slit situated on a slight elevation in the center of the 10th abdominal 
segment. 

The mode of attachment of the mid- and hind-intestines in the larvae of the 
aculeate Hymenoptera is of special interest and has been studied and described 
in detail by Rengel (44) in the wasp (Vespa), in the ant (Lasius) and in the 
honeybee. With the exception of minor details, it is the same in the three groups. 
As shown in Plate 6, A, at the extreme posterior end or fundus of the mid-intestine 
there is an outpushing (st) of the epithelium, thus forming a rounded projection 
on the external surface of the fundus. In Vespa this projection is quite prominent, 
forming the “‘stalk’’ (Stiel) of Rengel. In the honeybee larva it is externally 
merely a low rounded eminence; internally it is represented by a depression of the 
epithelium, the bottom of which is formed by a heap of irregular transparent cells, 
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smaller than those of the adjacent epithelium. The muscular investment of the 
mid-intestine (MclEnt) ceases abruptly at the margin of the “stalk.” As already 
stated, the enlarged anterior end of the hind-intestine is closed by a thin layer of 
minute cells, forming a circular structure (dph) which may conveniently be 
termed “the diaphragm.”’ The central part of the diaphragm is closely adherent 
to the stalk, as described by Rengel. In larvae of Vespa and of ants the dia- 
phragm is relatively much thicker than in those of the honeybee, judging from 
the figures given by Rengel (44), Karavaev (22) and Pérez (40), but otherwise 
the relations are essentially similar. 


MALPIGHIAN TUBULES 


The Malpighian tubules are four in number and lie, two on each side, between 
the lateral faces of the mid-intestine and the body wall (Pl. 4, A and 5, A, Mal). 
They pursue a winding course, being thrown into numerous loops and folds, and 
extend from about the last thoracic to the 9th abdominal segment. In the newly 
hatched larva the tubules are slender and of nearly uniform diameter throughout; 
in the mature larva their anterior ends only are slender, the tubules widening 
gradually caudad, reaching their maximum diameter, which is about one-half that 
of the mid-intestine, in the region of the 7th abdominal segment (Pl. 4, A, Mal). 
From this point they taper rapidly to their caudal (or central) ends, which are 
inserted, two on each side, between the mid-intestine and hind-intestine where the 
two latter have their junction. These central ends are exceedingly slender and 
pointed, composed of relatively small cells, and become closely attached to the 
thin epithelium closing the anterior end of the hind-intestine, with their tips 
abutting on the stalk of the hind-intestine (Pl. 6, A, Mal). The lumen of the 
Malpighian tubules becomes greatly reduced here and finally ceases, the central 
ends of the tubules therefore ending blindly, contrary to the statements commonly 
found in the literature on this subject (44). The writer (36) stated that in 
the newly hatched larva the Malpighian tubules open into the mid-intestine, but 
renewed investigation shows that there is no basis for the statement, since in all 
the sections examined, both cross and sagittal, the central ends of the tubules 
disappear in the relatively thick layer of cells closing the anterior end of the 
hind-intestine. Sections of a larva two days old.also fail to disclose any con- 
nection between the lumen of the Malpighian tubules and that of the hind- 
intestine. 

The walls of the Malpighian tubules consist of a single layer of epithelial cells. 
In very young larvae the wall of the tubules is relatively thick and the centrally 
placed lumen correspondingly small. In mature larvae the cells composing the 
walls are flat, thin, and pavement-like in character (Pl. 5, A, Mal, and Pl. 4, 
B and D). This condition exists even in the slender anterior ends, clearly 
indicating that the tubules are distended by internal pressure. The nuclei are 
discoid (Pl. 4, D, Nu), being flattened in a plane normal to the surfaces of the 
tubules, and contain abundant chromatin in the form of subequal spherules. 
The cytoplasm of the cells displays no fibrillae, as in the case of the cells of the 
mid-intestine and silk glands, and appears to be finely granular. The margins 
of the cells at the point of junction with one another are uniformly vacuolated, 
as shown in Plate 4, D, thus giving the tubules, stained or unstained, a character- 
istic mottled appearance in surface view (Pl. 4,B). The tubules are lined within 
by a cuticular intima, possibly chitinous, which stains much less densely than the 
cytoplasm (Pl. 4, D, Int). 

The condition just described is characteristic of larvae shortly before the 
capping of the wax cell. Younger larvae show intermediate conditions, that is, 
the diameter of the tubules is relatively smaller and the walls thicker. The 
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next phase in their development takes place subsequent to capping and is directly 
correlated with the establishment of communication between the lumina of the 
mid- and hind-intestines, and the consequent evacuation of the feces. This 
takes place some time during the twenty-four hours subsequent to capping, and 
has been treated at length by Rengel (44). In brief it consists, as shown in 
Plate 6, A and B, in an outpushing (caudad) of the fundus of the mid-intestine, 
that is, of the stalk, into the lumen of the anterior enlarged end of the hind- 
intestine and the subsequent perforation of the stalk and also of the diaphragm 
to form a tubular opening through which the fecal accumulations of the mid- 
intestine are forced by contractions of the latter. This mass of feces is omitted 
in Plate 6, B. In larvae of this stage the central ends of the Malpighian tubules 
no longer end blindly, but each now opens into the hind-intestine by a minute 
pore-like aperture. These openings are close to the junction of the mid- and 
hind-intestines, as shown on the left side in Plate 6, B, Mal. The appearance 
of this and other preparations suggests that the central ends of the tubules have 
perforated the diaphragm while at the same time their lumina became extended 
to communicate with that of the hind-intestine. A curious feature of the efferent 
ducts of the Malpighian tubules of this stage is the appearance of structures 
which in fixed preparations resemble motile cilia. That the Malpighian tubules 
are now emptying themselves of their contents is strikingly shown by sections 
of the tubules at points more or less remote from the place of attachment. 
Whereas in sections of mature larvae prior to the establishment of communica- 
tion between the mid- and hind-intestines the Malpighian tubules have in general 
the appearance of thin-walled tubular sacs, they now show a much diminished 
caliber and the cells forming the walls are no longer flat, but are cubical in form. 

The accumulation of solid excreta in the blind mid-intestine of the bee larva 
is therefore paralleled by the accumulation of fluid excreta (urates?) in the blind 
Malpighian tubules. Both discharge their accumulations at the same time. 
The advantage of this in the life history of the larvae is obvious. 

The imaginal Malpighian tubules appear just previous to capping (Pl. 6, A and 
B, mal), as outgrowths of the anterior enlarged section of the hind-intestine (1). 


SILK GLANDS 


The silk glands comprise a pair of slender cylindrical tubules, thrown into 
numerous short convolutions, and extending from the posterior border of the 
mesothoracic segment to the neighborhood of the sixth abdominal segment (PI. 
4, A, SlkGl). Their location, relative to the other organs, is shown by Plate 5, 
A, SlkGl. They lie, one on each side of the mid-line, closely surrounded by fat 
cells, about halfway between the mid-intestine and the ventral body wall. At 
about the posterior margin of the mesothoracic segment the glands, strictly 
speaking, terminate, and each gland here opens cephalad into a thin-walled duct 
which pursues a straight course into the head, passing close to the ventral wall 
and beneath the suboesophageal ganglion, where it meets its mate from the 
opposite side. The two ducts unite to form a common duct (Pl. 2, A, SIkD) 
which terminates on the tip of the labrum. The common duct is cylindrical 
with the exception of its anterior end, where it rather suddenly widens out 
laterally and opens by a narrow transverse slit on an elevation, also transversely 
elongated, situated on the tip of the labrum (Pl. 1, F, and 3, A, SIkDO). 

The finer structure of the silk glands is illustrated by Plate 5, F and G. Plate 
5, F, represents an oblique transverse section through one of the silk glands near 
its posterior end. The cells forming the wall of the tube are in many respects 
similar to those forming the mid-intestinal epithelium, although much smaller, 
the nuclei of the walls of the silk gland having a diameter scarcely more than a 








1190 Journal of Agricultural Research 


Vol. XXVIII, No. 12 

















third of that of the nuclei of the mid-intestinal epithelium. The cells forming 
the walls of the silk gland are like those of the mid-intestine in the deeply- 
staining character of their cytoplasm, which usually stains so densely in com- 
parison with the other tissues as to be almost totally opaque, as shown in Plate 
5, A, SlkGl. Other points of similarity are the form of the cells, whose breadth 
and height are approximately equal, the striated or fibrillated aspect of the 
cytoplasm, noted also in the cells of the silk gland of Lepidoptera and Trichop- 
tera (12), and the spherical nuclei, each containing a compact mass of chromatin 
granules. Near their anterior ends the character of the cells forming the wall 
changes somewhat. Here the walls are thicker, the cells composing them being 
smaller and long-columnar in form. The cytoplasm stains less deeply and no 
longer shows well-marked fibrillae. The lumen of this portion of the gland 
shows within it coagulated secretion, although the larva in question was scarcely 
mature. " ‘ 

The ducts of the silk glands are thin-walled and otherwise histologically pre- 
cisely similar to the tracheae, this similarity extending to the possession of a 
chitinous intima, thickened spirally to form taenidia. 














MUSCULAR SYSTEM 


MUSCLES OF THE HEAD 





The muscles of the bee larva may be divided for descriptive purposes into 
muscles of the head and muscles of the trunk, since these two sets are totally 
different. The principal muscles of the head are as follows: 

























MANDIBLES 





Each of these is provided with an extensor and a flexor muscle. The extensor 
(Pl. 6, C and D, EMd) is inserted on the inner surface of a papillate elevation 
of the hypodermis located on the ectal side of the base of the mandible. From 
this point it passes directly caudad to its origin on the fold of hypodermis sepa- 
rating the head and trunk (neck fold) close to the outer end of the transverse 
arm of the tentorium. The flexor muscle (Pl. 6, C and D, RMd), which is the 
largest in the head, is inserted on a long and pointed hollow spine, the mandi- 
bular apodeme (Pl. 1, A, and 6, D, RAp), which arises from the mesial side of 
the base of the mandible (Md). From this a stout bundle of muscle fibers 
passes caudad parallel to the fibers of the extensor muscle to an origin just 
dorsad of them. Another and larger group of fibers breaks up into small sub- 
equal bundles, passing behind the brain. These are attached at regular inter- 
vals along the neck fold between the point of origin of the extensor muscle and 
the mid-dorsal line of the head (Pl. 6, C, RMd). 


MAXILLAE 





Mesiad and dorsad of the base of each maxilla, below the apodeme for the 
extensor of the mandible, there is a papillate elevation of the hypodermis, on 
the inner surface of which is inserted the flexor muscle of the maxilla. This is 
of small size (Pl. 6, C, RMz), and originates on the neck fold, just ventrad of the 
origin of the extensor muscle of the mandible. The maxillae have no extensor 
muscles corresponding morphologically to those of the mandibles. They are, 
however, provided with a pair of strong muscles which appear to be functionally 
extensor muscles. Each of these takes its origin as a broad band from the 
ventral surface of the anterior arm of the tentorium of the corresponding side, 
close to the posterior end of the arm, and from here passes ectad and ventrad 
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to an insertion on the ventro-lateral surface of the head, just caudad of the base 
of the maxilla (Pl. 6, C, EMz). It apparently serves to rotate the maxilla 


outward. 
LABIUM 


The labium is provided with two pairs of retractors. The larger or major 
retractors (Pl. 6, C, IRLb) take their origin from the neck fold just ventrad of the 
external ends of the transverse arms of the tentorium. From there they run 
cephalad, converging meanwhile, and are inserted, a short distance apart on 
either side of the ventral mid-line, on the posterior margin of the labium. These 
muscles by their contraction withdraw the labium into the ventral part of the 
head. The minor retractors (Pl. 6, C, 2RLb) are slender muscles which have 
their origin directly cephalad of the insertions of the major retractors. From 
here they run cephalad, converging at the same angle as the major retractors, 
to the tip of the labium where they are inserted on the wall of the common duct 
of the silk gland. These muscles serve to retract the tip of the labium. The 
two sets of retractors, when seen from the ventral surface, form a figure resembl- 
ing the letter V, inverted. 

LABRUM 


At the base of the clypeus is a pair of well defined muscles (Pl. 2, B, and 6, C, 
ClpMcl), each of which takes its origin from the head capsule at the dorsal margin 
of the line of junction with the anterior arms of the tentorium. From these 
points the two muscles pass dorsad and slightly mesiad to insertions on minute 
apodemes on the dorsal wall of the head capsule, near the mid-line, at the base 
of the clypeus. These insertions are marked on the exterior by shallow depres- 
sions of the surface (see Pl. 1, F). Immediately cephalad of the insertions of 
these muscles, a second pair of muscles, the retractors of the labrum (Pl. 3, A, 
and 6, C, RLm), have their origin. These are inserted on the posterior edge of 
the clypeus in the dorsal mid-line. 

Certain other muscles located in the labrum and clypeus and associated with 
the pharynx are described in the section on the alimentary canal (see p. 1184). 


CRANIAL MUSCLES 


Two other pairs of muscles are found in the head which pass from the tentorium 
to the cranial wall. The muscles of the first pair are slender, and originate on 
the dorsal surface of the anterior arms of the tentorium, near the junction of 
the latter with the transverse bar. These two muscles then pass dorsad on either 
side of the cesophagus, between the two halves of the brain, and are inserted on 
the median fold of the dorsal cranial wall. It is worthy of note that in prepara- 
tions of larvae which have completed their growth these muscles appear to have 
lost their attachment to the dorsal cranial wall. This change is presumably 
related in some way to the approaching metamorphosis. The muscles of the 
second pair are also well developed in young larvae, but insignificant in older 
ones. Each of these muscles takes its origin from a long spur on the dorsolat- 
eral face of each of the anterior arms of the tentorium (Pl. 1, A, ApTen). 
These spurs are directed dorsad and laterad. In the young larvae the muscle 
fibers are directed dorsad and laterad, diverging meanwhile, and have broad 
insertions on the lateral walls of the head capsule, laterad of the cerebral lobes 
(86). In old larvae the spurs are long and directed cephalad and dorsad, extend- 
ing nearly to the anterior cranial wall (Pl. 6, D), the short gap being bridged by a 
few muscle fibers inserted on the anterior wall of the cranium just dorsad of the 
antennal rudiments. The points of insertion are marked externally by well- 
defined circular depressions (see Pl. 1, F). Kirmayer (26) finds similar spurs on 
the tentorium and corresponding muscles in theyJhead of the Vespa larva. 
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MUSCLES OF THE TRUNK 


The muscles of the trunk have a strictly metameric arrangement and conform 
more or less closely to a definite and typical arrangement in all segments. The 
arrangement of the muscles in the thorax differs slightly from that of the ab. 
dominal muscles. In the abdomen the same arrangement of muscles prevails 
in all the segments with the exception of the 10th. In the 10th segment the 
muscles characteristic of the other segments are almost entirely wanting, the only 
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Fig. 4.—A, inner surface of right half of body wall of thoracic Segments, showing musculature, X 10; B, 
inner surface of right half of body wall of fourth and fifth abdominal Segments, showing musculature, 
X 10 


trunk muscles present being a few fibers running from the lateral border of the 
anus to the anterior (lateral) borders of the segment. 

The trunk muscles, taking the 4th and 5th abdominal segments (fig. 4, B) as 
typical, are the ventral longitudinal, ventral oblique, lateral oblique, dorso- 
ventral, dorsal longitudinal, and dorsal oblique. 


VENTRAL LONGITUDINAL MUSCLES 


These muscles (fig. 4, B, VLMel 


) are not, strictly speaking, longitudinal, since 
they diverge slightly from the long 


axis of the larva in a cephalo-laterad direction. 
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The total effect of their action is, however, to contract the ventral surface in a 
longitudinal direction. They are flat bands, 10 or 12 in number, disposed on 
either side of the ventral mid-line, close to the hypodermis, and extend between 
the anterior and posterior margins of each segment. 


VENTRAL OBLIQUE MUSCLES 


These (VOMecl) overlie the ventral longitudinal muscles, crossing them at an 
angle of about 45 degrees and running in a cephalo-mesiad direction, also con- 
necting the anterior and posterior borders of the segment. Each consists at its 
anterior end of a broad band of fibers which splits into two subequal bands at 
its posterior end. 

LATERAL OBLIQUE MUSCLES 


These include two sets of muscles, which may be designated as major oblique 
(1LOMcl) and minor oblique (2LOMcl). The major oblique muscles are of 
large size and connect the anterior and posterior borders of their respective 
segments. Their anterior ends are attached to the body wall directly adjacent 
to the line of attachment of the posterior ends of the ventral oblique muscles of 
the segment preceding. From this point each of these muscles runs laterad 
and caudad, spanning the lateral fold of that side, to an attachment on the 
posterior border of the segment approximately on a line with the spiracles. 
The minor lateral oblique muscles (2LOMcl) comprise two small bands lying 
close to the body wall under the major oblique muscles. One of these small 
bands is attached to the posterior margin of the segment just dorsad (ectad) of 
the posterior attachment of the ventral oblique muscle; the other band is attached 
to the body wall close in front of this point. These two bands take a dorsad 
and cephalad course, meanwhile diminishing in breadth to a point on the body 
wall just ventrad of the spiracle (Sp). 


DORSO-VENTRAL MUSCLES 


Two pairs of dorso-ventral muscles (DV Mcl) are present in each segment. 
The muscles of the smaller pair run close to the anterior margin of the segment 
from a point just dorsad (ectad) of the anterior attachment of the major oblique 
muscle to an attachment on the intersegmental body wall about on a line with 
the spiracles. The second set of dorso-ventral muscles comprises three small 
muscle bands on each side of the segment, having their ventral attachment to 
the body wall just caudad of that of the smaller muscles just described, about 
one-fourth of the width of the segment from its anterior margin. Their dorsal 
attachment is close beside that of the minor lateral oblique muscles, below the 
spiracles. 

DORSAL LONGITUDINAL MUSCLES 


These (DLMcl) comprise a set of narrow bands, from 10 to 12 on each side, 
underlying the dorsal body wall and divided by the heart into two bilateral 
groups. Their arrangement is truly longitudinal and the area occupied by them 
extends ventrad on each side almost as far as the spiracles. These muscles 
connect the anterior and posterior margins of the segments. 


DORSAL OBLIQUE MUSCLES 


The dorsal oblique muscles (DOMcl) include a row of from 10 to 12 slender 
bands on each side. Their posterior ends are attached to the posterior margin of 
the segment, the line of attachment extending dorsad from a point about midway 
between the dorsal and ventral mid-lines halfway to the dorsal mid-line. From 
here these muscles run cephalad and dorsad, diverging slightly, and are attached 
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to the dorsal body wall of each side along the suture separating the prescutum 
from the scuto-scutellum and in fact determining this sutural line. 

In the thoracic region (fig. 4, A) the musculature is slightly different from 
that of the abdomen. The ventral longitudinal and oblique muscles (VLMdl, 
VOMcl) are readily recognized, although here their lateral extent is reduced, 
especially in the prothorax. The dorsal longitudinal muscles (DLMcl) are 
present in all three thoracic segments. In the prothorax there are present two 
groups of dorsal oblique muscles whose arrangement may be gathered from the 
figure. In the mesothorax and metathorax the dorsal oblique muscles are divided 
into two parallel groups. A strong muscle (2LOMcl) crosses the lateral face of 
each of the three segments, running from its posterior border cephalad and 
dorsad to its anterior border. This muscle is absent in the abdominal region. 
In the meso- and metathorax a very large muscle (1LOMcl) is attached by a 
broad line of attachment to the ventra] side of the segment, mesiad of the leg 
rudiments (1Z-3L), and runs laterad and caudad to the posterior margin of the 
segment near the lateral margin of the area occupied by the dorsal longitudinal 
muscles. This muscle evidently corresponds to the major oblique muscles of 
the abdomen. In all three thoracic segments the minor lateral oblique muscles 
(2LOMcl) connect the anterior and posterior margins of their respective seg- 
ments, crossing the lateral body wall in an oblique direction. It seems doubtful 
whether these muscles are truly homologous with the minor lateral oblique 
muscles of the abdominal segments. In the mesothorax and metathorax a dorso- 
ventral muscle spans the imaginal wing disks. This muscle is much larger in 
the prothorax than in the metathorax. 

The effects of the contraction of the various trunk muscles may be inferred 
from their size, direction, and attachments. These effects may readily be seen, 
however, on the external surface of the larva. If the figure showing the external 
features of the larva (Pl. 1, D) be compared with figure 4, B, it will readily 
become evident that the superficial contour of the larva is determined principally , 
if not exclusively, by the trunk muscles. The evident division of the trunk into 
segments is not, as in the imago, due to the formation of sclerites, but is produced 
principally by the longitudinal trunk muscles, aided, of course, by the ventral 
oblique, the major lateral oblique, and the smaller dorso-ventral muscles. The 
epipleural lobes are referable to the action of the major oblique muscles, the 
sharp demarcation of these lobes from the sternal area being apparently due to 
® certain amount of rigidity imparted to the body wall in this region by the ventral 
longitudinal and oblique muscles, since the area occupied by these coincides 
with this area. The depressions in which the spiracles are located are produced 
by the action of the minor lateral oblique muscles, aided, of course, by the 
posterior set of dorso-ventral muscles. The sutural lines obliquely traversing 
the dorso-lateral surface of the segments are plainly to be identified with the 
anterior insertions of the dorsal oblique muscles. 

Detailed accounts of the muscular systems of hymenopterous larvae are 
lacking. The account by Carriére and Birger (7) of the muscular system of 
the mason bee and that by Anglas (f) of the muscular systems of Vespa and the 
honeybee are extremely brief. Both merely recognize dorsal and ventral longi- 
tudinal muscles, and a set of obliquely arranged dorso-ventral muscles. An 
examination of the accounts of the muscular systems of the larvae of other 
orders, such as that recently given by Forbes (10) for lepidopterous larvae, dis- 
closes no basis for comparison with the bee larva. The muscles of the latter 
are, in comparison, few and simple, as might be inferred from its mode of life. 

Anglas (1) states that some of the larval muscles, more particularly those of 
the abdomen, persist with slight modification through nymphosis into the imago. 
A study of the muscles of the abdomen of the imago shows them to be so different 
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in number and arrangement from the trunk muscles of the larva that identifica- 
tion of any given muscle or set of muscles of the imago with those of the larva 
proves to be impossible without a knowledge of the intervening stages. 

The general features of the histology of the larval muscles has already been 
given (36). This description applies to the newly hatched larva, but no essen- 
tial changes take place during larval growth. In this account it is stated that 
the muscles of the young larva are not striped. However this may be, in the 
old larvae cross-striped muscles are the rule. Mention should be made of the 
constant occurrence of very distinct fibrillae, “‘tomomitosomes,” Maziarski (34), 
“filaments de resistance,” Janet (20, p. 54), in the hypodermal cells at the points 
of attachment of muscles. These fibrillae frequently assume a brush-like form, 
as shown in Plate 6, D, at both of the ends of the dilator of the pharynx and at 
the posterior ends of the mandibular muscles. The filaments bind muscle, 
hypodermis, and cuticle firmly together, as shown in fixed material by the cling- 
ing of the cuticle, elsewhere loosened, to the hypodermis at the points where 
muscles are inserted. 


HEART AND BLOOD CELLS 
HEART 


The heart of the larva is in most respects like the less differentiated portion 
of the imaginal heart which is situated in the abdomen. The heart consists 
essentially of a slender thin-walled tube situated in the mid-line close beneath 
the dorsal hypodermis. It is widest (about 0.25 mm.) at its posterior end 


and gradually diminishes in caliber up to the anterior border of the 2d trunk 
(the mesothoracic) segment. Here the heart leaves the dorsal body wall and 
bends downward, passing beneath the anterior tracheal loop (Pl. 3, A, Ao), at 
the same time diminishing rapidly in diameter, and is continued cephalad as 
the aorta. The aorta is not strictly tubular but is open on the ventral side, hav- 
ing in transverse section the form of an inverted letter U, the free edges hanging 
down on each side of the oesophagus and becoming clothed on the exterior with 
a layer of tracheoles. At the posterior side of the brain the aorta becomes 
reduced in its dorso-ventral diameter to enter the narrow cleft between the 
oesophagus and the upper ends of the crura cerebri and finally terminates at 
the anterior face of the brain. The posterior end of the heart terminates blindly 
in the 9th abdominal segment. In life the heart is transparent, and since it is 
bounded on either side by the relatively opaque white fat cells, it produces 
externally the appearance of a dark band along the dorsal mid-line of the larva. 

At the middle of trunk segments 2 to 11, inclusive, the heart is sharply con- 
stricted and is thus divided into 11 chambers. These constrictions, however, 
do not affect the dorsal and ventral walls of the heart, but only the lateral walls, 
which are in fact indented by a series of pairs of opposite V-shaped indentations 
the open ends of which are directed slightly caudad. At the bottom of each 
indentation is a linear slit; these slits constitute the ostia (fig. 5, B, Ost). The 
ostia are not, however, precisely normal to the long axis of the heart, but are 
slightly oblique, their dorsal ends being slightly caudad of their ventral ends. 

The action of the heart is simple and similar to the heart action of many 
other insects. The heart walls bordering on the ostia form valvelike flaps 
projecting inward which allow a free inrush of blood during diastole, but which 
automatically close the ostia during systole. The posterior pair of flaps project 
inward far enough also to close the posterior ends of the heart chambers dur- 
ing systole, preventing a backward flow of blood. Moreover, the thickened 
margins of the ostia share in the contractility of the heart wall, so that probably 
these also possess the ability to contract the ostia and the posterior ends of the 
heart chambers as well, thus acting as sphincter muscles. 
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Fic. 5.—A, part of dorsal diaphragm of old larva, showing diaphragm cells (Dph Cl) and muscle fibers 
(Dph Mcl), X66; B, longitudinal (coronal) section of heart in the region of the second thoracic jsegment, 
showing ostia (Ost) and valves. 260; C—H, blood cells (lymphocytes), 600 
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The wall of the heart is exceedingly thin, as shown by the figures, and is 
composed of a double row of cells, corresponding to the cardioblasts of the 
embryo, the two rows constituting the right and left sides of the heart, re- 
spectively. These cells have the form of the half of a radially compressed ring 
(Pl. 7, B). At the middle of its length each cell is thickened and at this point a 
large discoid nucleus is found. Traversing each of the heart cells lengthwise, 
that is, at right angles to the long axis of the heart and mesiad of the nucleus, 
is a bundle of delicate fibrils, few in number, usually visible only under high 
magnification. They are most readily seen in cross sections of the heart cells, 
that is, in longitudinal sections of the heart itself, which have been counter- 
stained with eosin, the muscle fibrils of the heart cells, like those of other muscles 
in the larva, readily taking this stain. Their appearance in section is shown in 
figure 5, B, where they are represented in black. An attempt to represent 
these in lateral view is made in Plate 6, E, but they are actually less evident 
than here represented. In suitably stained preparations this bundle of fibers is 
plainly seen to be transversely striated (Pl. 6, F). The heart cells are therefore 
muscle cells, essentially similar structurally to other muscle cells in the bee larva, 
for example the trunk muscles, but in which the fibrillae (myofibrils) are more 
feebly developed. Similar conditions of structure are found in the cells of the 
heart wall of the larva of Tipula (48) and of those of Vespa (1) and Aeschna 
(55). Since the heart of all insects is contractile, it seems probable that further 
investigation will show such a differentiation to be general. In the larva of the 
honeybee, the myofibrils may easily escape notice, since larvae stained to show 
other structures to the best advantage scarcely show them at all. A deep and 
heavy stain with iron haematoxylin is necessary to reveal the myofibrils in face 
view; that is, in tangential sections of the heart. The arrangement of the heart 
cells in a double row is evidently not unique, since in addition to being charac- 
teristic of insect embryos it has been described for the Tipula larva by Viallanes 
and for the Aeschna larva by Zawarzin (55). 

The heart is clothed externally by a loose meshwork of minute branched con- 
nective cells, the meshes tending toward elongation in a longitudinal direction 
(Pl. 6, E and F, ConCls). This meshwork serves to strengthen the heart wall 
and also to anchor the heart in position, since many of the processes of the connec- 
tive tissue cells extend out to the hypodermis and to the adjacent fat cells. 


DORSAL DIAPHRAGM 


The dorsal diaphragm of the larva is well developed only in the posterior region, 
from the 4th to the 9th abdominal segments, inclusive, and here it is very similar 
in structure to that of the imago. In these segments it forms a continuous 
sheet, attached to the heart on its ventral surface (Pl. 7, A, B, DDph) and extend- 
ing laterad, parallel with the dorsal body wall on either side of the dorsal mid- 
line, a distance somewhat less than one-eighth of the entire circumference of the 
larva. It partitions off a narrow dorsal space, the dorsal sinus or pericardial 
cavity. The lateral margins of the dorsal diaphragm are free except where they 
cross the lines of separation of the segments, and here the margins are attached 
to the body wall. Between these points the membrane is somewhat retracted 
mesiad, giving the margins a wavy contour (Pl. 7, A). The dorsal diaphragm 
terminates in the anterior half of the 9th abdominal segment with a free border. 
Anglas (1) states that the two delicate membranes ensheathing the diaphragm 
cells are reflected in the median plane below the heart to form a sort of septum 
which does not reach ventrad to the mid-intestine. This membrane, or septum, 
which is termed the ‘‘cloison médiane,”’ is said to separate the fat body into two 
symmetrical halves. This account, as regards the bee larva, appears to be incor- 
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rect in several particulars. The ‘‘cloison médiane”’ is restricted to the anterior 
segments of the trunk; it does not form a continuous membrane; it does some- 
times become attached to the muscular coat of the mid-intestine; it does not 
divide the fat body, since this is already divided mesially by a space or sinus 
dorsad to the mid-intestine; and it does not appear to be continuous with the two 
halves of the dorsal diaphragm, but represents delicate processes of connective 
tissue cells attached to the ventral surface of the heart. It isapparently absent 
in mature larvae and is probably a structure of minor importance. 

Structurally the dorsal diaphragm consists of two very delicate membranes, 
having the appearance of basement membranes and possibly being chitinous, 
These membranes are attached to the ventral wall of the heart in the mid-line, 
Between the two membranes are situated the diaphragm cells (fig. 5, A, DphCl). 
These are small cells, quadrangular in form, each having a spherical nucleus 
which occupies the greater portion of the cell. The diaphragm cells are arranged 
in single rows or strings which are bent in a sinuous form and frequently anasto- 
mose, forming a sort of lacework and giving the dorsal diaphragm in surface view 
a curious vermiculated pattern (Pl. 7, A). These cells are not found anterior to 
the middle of the fourth abdominal segment. The diaphragm cells are closely 
covered on their dorsal and ventral faces by the two membranes, which here have 
the appearance of limiting membranes secreted by the cells (Pl. 7, B, DDph). 
Elsewhere, in the open spaces between the diaphragm cells, the two membranes 
are generally evident, but are often found in close apposition, giving the appear- 
ance of a single membrane. 

The diaphragm cells have a general resemblance to the blood cells in size and 
staining reaction, and in the large size of the nucleus as compared with that of 
the cell body. For this reason Anglas (1) has assumed that the diaphragm cells 
give rise to blood cells (leucocytes). This may perhaps be possible, although the 
diaphragm cells are as a rule slightly larger than the blood cells. Moreover, the 
latter show such frequent mitoses that an independent origin for them need not 
be assumed. 

Accompanying the dorsal diaphragm and forming an integral part of it are 
extremely delicate muscle fibers (fig. 5, A, DphCl), the so-called alary muscles, 
apparently unicellular and corresponding histologically to the fibrillae of other 
muscles. These fibers or fibrils are attached at more or less regular intervals to 
the ventral wall of the heart, the line of attachment coinciding with that of the 
membranes. The fibers corresponding to each chamber of the heart converge to 
their intersegmental points of attachment of the diaphragm on the body wall, 
thus giving the fibers the well known fan-like arrangement (Pl. 7, A). The rela- 
tion of the diaphragm muscles to the membranes of the diaphragm does not seem 
to be uniform. At some points the muscles appear to run between the two mem- 
branes, at others dorsad to them. Thus far the description of the structure of 
the dorsal diaphragm of the larva corresponds with the account given by Snod- 
grass (46) for the imago. In the latter, however, the dorsal diaphragm termi- 
nates in the 7th abdominal segment, since the segments remaining are highly 
modified. The histological elements are the same in both, except that this struc- 
ture in the imago is much more robust than in the larva, and can easily be seen 
on dissection, while in the larva it is so delicate that special methods are necessary 
to demonstrate it. In regard to one feature, a discrepancy exists between the 
two accounts. Snodgrass speaks of the diaphragm cells as situated upon the 
membrane, whereas in both cases they undoubtedly lie between two membranes. 

The dorsal diaphragm anterior to abdominal segment 4 is less well defined 
than in the segments posterior to this point, and does not form a continuous 
sheet, being entirely absent in the middle of the segments and restricted to tri- 
angular areas corresponding with the diaphragm muscles (Pl. 7, A). These 
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areas naturally diminish in size with the diminishing size of the trunk segments. 
The whole of this anterior half of the dorsal diaphragm is, however, so exceed- 
ingly delicate that it is difficult to determine accurately its structure in detail. 
In preparations showing the dorsal diaphragm in surface view, such as that 
from which Plate 7, A, was taken, in the segments anterior to the 5th abdominal 
segment the dorsal diaphragm appears as a cobweblike structure in which only 
the radiating muscle fibers can be clearly discerned. In sections the muscle 
fibers may occasionally be found, and here and there are indications of an ex- 
ceedingly fine structureless membrane; but the most conspicuous elements of 
the anterior half of the dorsal diaphragm are certain cells which may be called 
the anterior diaphragm cells. These are of relatively large size, and of pale 
appearance in stained preparations. The cytoplasm, besides being more trans- 
parent or less deeply stained, offers no peculiarities, and has a rather finely granu- 
lar appearance. The nuclei are elliptical and, unlike those of the posterior dia- 
phragm cells, are rather small as compared with the cytoplasm. In form these 
cells are irregular, although always flattened in a dorso-ventral direction. Their 
distribution is apparently scattered and irregular; some are found close to the 
heart wall, some at a considerable distance from it. Occasionally two or more 
are found associated together in small groups, attached end to end, but usually 
they occur singly. They never occur in long bands, as do the posterior dia- 
phragm cells. Although they are frequently found crowded in among fat cells, 
it is usually possible to discern a connection with either the diaphragm muscles 
or the diaphragm membrane, if not with the heart itself. 

The homology and function of these cells is unknown. On the basis of a 
study of the dorsal diaphragm, the writer (36), following Carriére and Birger 
(7), thought that but two kinds of cells, exclusive of muscle cells, were found in 
the dorsal diaphragm; small epithelial cells, forming the major portion of the 
diaphragm, and a smaller number of large cells, assumed to be homologous with 
the “paracardial”’ cells found by Heymons (14) in certain Orthoptera. The 
conditions found in older larvae, as described above, make this view untenable. 
Definite information regarding the function and homologies of the two kinds of 
diaphragm cells in the larva of the honeybee will undoubtedly demand extended 
investigation. 

VENTRAL DIAPHRAGM 


The ventral diaphragm is well developed in newly-hatched larvae (36) and in 
the imago (46) and forms a continuous sheet made up of transversely arranged 
muscle fibers overarching the ventral nerve cord and partitioning off a ventral 
(perineural) sinus. In older larvae it becomes merely a vestigial structure con- 
fined to the abdominal segments, and composed of more or less isolated delicate 
muscle fibers crossing the body cavity above the ventral nerve cord. They 
are entirely too few in number to form anything even approaching a membrane 
in structure, and constitute only a very loose and insignificant meshwork (Pl. 
5, A, VDph). 

BLOOD 


The blood comprises a transparent fluid, the plasma, watery and only slightly 
viscid, and the blood cells (blood corpuscles, leucocytes) or amoebocytes. In 
the feeding larva the latter are of one sort only and correspond to the young 
amoebocytes of Cuénot (8). The amoebocytes of the bee larva are scattered 
throughout the spaces filled by the blood, but are usually more numerous in the 
dorsal sinus in the region of the heart. They vary in form from ovoid or ellip- 
soid to spherical, but the latter form is assumed only by cells preparing to divide. 
The ovoid form (fig. 5, C) is the one most frequently assumed by resting amoe- 
bocytes. In narrow spaces these are sometimes found slightly deformed by 
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pressure from the adjoining tissues, but no evidence of a true amoeboid move. 
ment was observed. Unlike the cells of many other organs and tissues of the 
larva, such as those of the mid-intestine and of the fat body, the size of the amoe. 
bocytes remains nearly constant throughout the life of the larva, and is from 6 
to 9 microns wide and 7 to 12 microns long. The cytoplasm stains moderately 
with the usual chromatin stains and normally presents no evident differentia- 
tions or inclusions. The nucleus is relatively very large, is spherical in form, 
and contains a few small chromatin granules. Cells in mitosis are quite frequent 
(fig. 5, D-H) and it is easy to find a series representing the different phases, 
This seems to be the normal if not the only mode of increase, since there is no 
good evidence of a special blood-forming tissue in the bee larva. 

Anglas (1) describes a second type of blood cell ‘“‘ lymphocyte,” larger, and 
with the cytoplasm finely vacuolated. This type apparently does not appear 
in the larva prior to capping. 

The action of the heart and the flow of the blood are very similar to those of 
the imago, as described by Snodgrass (46), except that the sole propulsive organ 
is the heart. Except in very young larvae, the ventral diaphragm is so poorly 
developed that its action must be practically negligible. In a mature living 
larva, removed from the cell, successive waves of contraction are seen to pass 
cephalad over the heart at the rate of about one per second at room temperature, 
driving the blood into the head cavity. From here the blood flows caudad, 
filtering back through the channels formed by the various spaces between the 
fat body and the viscera. Some of these spaces are sufficiently well defined to 
deserve to be called blood sinuses. The most conspicuous of these is the ventral 
sinus (Pl. 5, A, VS), a tubular space extending the entire length of the larva 
above the ventral nerve cord and bounded laterally and dorsally by lobes of the 
fat body. As the figure shows, it is not limited dorsally by the ventral diaphragm 
(VDph), as it is in other insects. Another considerable space is found between 
the heart and the alimentary canal, while a continuous space exists around the 
mid-intestine, permitting a free flow of blood over the external face of the latter. 
Around the tracheal trunks and their principal branches are also narrow spaces 
free from fat cells, which form blood channels. The pericardial chamber is more 
or less completely filled with fat cells (the pericardial fat cells) except in the middle 
of each segment, where there is a space on each side of the heart, opposite-the 
ostia, which is unoccupied by fat cells. These spaces extend laterad from the 
heart a short distance, and each receives one of the dorsal tracheal branches 
(fig. 2, A), being thus connected with the blood channel accompanying this 
branch. In the living larva blood may be seen flowing dorsad along this path. 
The pericardial blood lacuna just described may be seen in Plate 7, A, in which 
the round pericardial cells are represented in dotted outline. It should be stated, 
however, that these cells actually extend farther laterad than is shown, many 
of them having been removed in dissection. In the living larvae, and even in 
some fixed specimens, these pericardial lacunae are evident externally as short 
dark bands extending right and left from the heart in each segment (see Pl. 1, E). 


FAT CELLS, OENOCYTES, EXCRETORY CELLS 
FAT CELLS 


At all stages except the earliest, fat cells, constituting collectively the so-called 
fat body, occupy approximately a half of the body cavity not already occupied 
by the other viscera. In life the fat cells are nearly opaque and colorless. Since 
they underlie the transparent hypodermis over the greater portion of the body 
they are largely responsible for the ivory-white tint of the larva. In general, 
the fat cells adhere together in flat lobular masses or strings, supported by tracheae 
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and projecting centrad into the body cavity (Pl. 5, A, 1-3F). In the arrange- 
ment of these masses a certain amount of bilateral symmetry exists. Carriére 
and Birger (7), in their description of the larval mason bee, divide the fat body 
into three sections: (1) That part, situated dorsad to the lateral tracheal trunks 
and below the dorsal diaphragm (Pl. 5 A, 1F); (2) that part situated ventrad to 
the lateral tracheal trunks (2F); (3) that part situated above the dorsal diaphragm 
and comprising one to three layers of cells ($F). These divisions are only incom- 
pletely separated and are merely of topographic value, since there are no differ- 
ences in the morphological character of the cells themselves. As shown in 
Plate 5, A, the fat cells are most abundant peripherally, next to the body wall, a 
considerable space around the alimentary canal being left vacant (see p. 1184). 
In advanced larvae fat cells are abundantly present in contact with the hypo- 
dermis, but not attached to it, throughout the trunk, crowded between the hypo- 
dermis and muscles and also beneath the ventral nerve cord. A few fat cells 
are likewise present in the head, lying against the posterior surface of the brain 
and below the suboesophageal ganglion. The various open spaces in the fat 
body, constituting channels for the flow of blood, have been described in a previous 
section (see p. 1199). 

Bishop (4) has published a detailed account of the structure and development 
of the fat cells of the honeybee larva, to which the reader.is referred for more 
extended information on this subject. In quite young larvae the deutoplasm of 
the fat cells (Pl. 8, D and E, F) is commonly found represented in each cell by 
a single rélatively large vacuole (y), while the nucleus is still more or less spherical. 
In larvae three to four days old the deutoplasm of the fat cells (Pl. 8, F, y) is 
scattered throughout the cytoplasm in the form of vacuoles of various sizes; at 
the same time the nuclei begin to show distortion. Plate 8 illustrates a typical 
fat cell (F) from a mature larva, in which the nucleus has assumed the shrunken 
and branching form characteristic of this stage. 


OENOCYTES 


The oenocytes of the honeybee have been described by Wielowieysky (52), 
Koschevnikov (27), Anglas (1), and the writer (36). They are very conspicuous 
in sections, on account both of their large size and their great affinity for stains. 
They are rare in the thoracic segments, but are found abundantly throughout 
the abdomen, always occurring singly, never in groups, and generally, if not 
invariably, in more or less intimate contact with fat cells. In mature larvae the 
oenocytes closely approximate the fat cells in size, but this is not true of younger 
larvae. In a larva two days old, for example, the average diameter of the 
oenocytes is about twice that of the fat cells (Pl. 8, D,Oen). The rate of growth 
of the fat cells therefore greatly exceeds that of the oenocytes. Generally speak- 
ing, the oencytes are more or less ellipsoid in form, but modifications of this are 
frequent and of such a kind as to afford plain evidence of the amoeboid, wander- 
ing nature of these cells. The oenocyte represented in Plate 8, B, is deformed 
to accommodate itself not only to the two adjacent fat cells (F, F) but also to a 
blood cell (BIC). It is to be noted that the contour of the fat cells is not evi- 
dently altered. Many oenocytes are found with a pointed process at one end— 
evidently a pseudopodium—extending between the adjacent fat cells, as though 
wedging them apart, while other oenocytes possess two such processes which 
are applied to and partially surround one or more of the adjacent fat cells. One 
instance of the amoeboid character of the oenocytes, as seen in sections, was 
particularly striking; here an oenocyte had assumed the form of a crescent 
embracing a fat cell between its horns, thus irresistibly suggesting the movements 
of an amoeba preliminary to ingesting its prey. The oenocytes, however, never 
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contain food vacuoles, nor do they in fact give any good evidence of being phago- 
cytic in character. This is in accord with the observations of Anglas (1) on the 
wasp and honeybee and Pérez (40) on the ant. 

The nuclei of the oenocytes are spherical or ellipsoid and contain a large 
number of subequal chromatin granules uniformly distributed (Pl. 8, B, Oen). 
The cytoplasm is dense, staining intensely in both haematoxylin and eosin, and 
exhibits variations in density which give it a characteristic mottled or marbled 
appearance. 

EXCRETORY OR URATE CELLS 


In the mature larva of the honeybee these cells, as stated by Anglas, occur 
only in small number. They are found in the abdomen, interpolated singly 
here and there among the fat cells, with which they are always closely associated, 
As shown in Plate 8, C, u, they are cells of somewhat irregular form, having a 
diameter about half that of the fat cells. The nucleus is spherical and contains 
a relatively scanty amount of chromatin in the form of small granules. The 
cytoplasm has a fine and regular alveolar structure, and in sections usually 
appears pale, having slight affinity for stains. In a very young larva (two days 
old) the excretory cells (Pl. 8, D, u) appear to be more numerous than in older 
larvae, and may be found in groups or clusters. They are here rendered more 
conspicuous both by their relatively greater size, which is equal to that of the 
fat cells, and more particularly by the greenish-yellow color of their cytoplasm. 
Under high magnification (1/12 homo. immers.) minute refractive greenish par- 
ticles may be seen within the alveoles. 

The general resemblance of the excretory cells to the fat cells and their close 
association with them at this stage argues strongly for a community of origin, 
as assumed by both Pérez (40) for the ant and Anglas (1) for the wasp and bee. 
Berlese (3) suggests that the excretory cells and the oencocytes have had a 
common origin. In Plate 8, D, an oenocyte from the same section as the other 
cells is introduced for comparison. The discrepancy in size and in other char- 
acters between this cell on the one hand and the fat and excretory cells on the 
other is sufficiently obvious. Moreover, the oenocytes are well differentiated 
and possess most of their distinctive characters even at the time of hatching (36). 


RUDIMENTS OF GONADS 
OVARIES 


In the mature worker larva the ovarian rudiments are two small flat structures, 
one situtated on either side of the dorsal mid-line in the 5th abdominal segment 
(Pl. 8, G, Ov.). In side view each of these rudiments (PI. 8, I) presents a trape- 
zoidal outline, the dorsal and ventral margins being parallel, while the two ends 
are abruptly narrowed to form slender tapering filamentous processes which 
extend cephalad and caudad along the ventral side of the heart into the 4th and 
6th abdominal segments respectively. Exclusive of these processes, the length 
of the rudiment does not exceed half of that of the segment in which it lies. The 
ventral margin is thickened, the dorsal margin thin, so that in section each 
rudiment presents a pyriform outline (Pl. 8, G and H, Ov.). 

Histologically each rudiment is composed principally of a close network of 
minute branching connective tissue cells (Pl. 8, H) enclosed by an epithelium made 
up of minute flat cells and covered externally by a cuticular tunic. From the 
dorsal border delicate cell-strands, clothed with a membrane continuous with the 
tunic, pass to the ventral wall of the heart on either side of the mid-line, thus 
acting as suspensory ligaments. The dorsal borders of the rudiments lie close to 
the mid-line, but their ventral borders lie farther apart, so that the mesial surfaces 
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of the rudiments are inclined at an angle of about 45 degrees to the median plane 
(Pi. 8, G, Ov.). The ventral half of each rudiment is traversed at right angles to 
its long axis by a large number of slender parallel columns or strings of cells with 
deeply stained cytoplasm, each column consisting of several rows of such cells 
(P1.8,H). These columns are assumed to be the rudiments of the ovarian tubules 
of the imaginal ovary. Their ventral ends extend to the ventral borders of the 
ovarian rudiments; the spaces between them are filled with branched connective 
tissue cells. 

Along the ventral margin of each ovarian rudiment is a groove, at the bottom 
of which is located a ridge (Pl. 8, H, Ovd) composed of minute vacuolated cells. 
The base of this ridge is closely associated with the ventral or distal ends of the 
ovarian tubules. Near the posterior end of the rudiment the ridge becomes 
separated off as a solid cord of cells, taking a ventrad and caudad direction (PI. 8, 
Iand K, OvD), evidently becoming the rudiment of the oviduct. 

Numerous tracheoles are found within the connective-tissue matrix surround- 
ing the ovarian tubules. In some cases end cells have been observed within the 
rudiments of the ovaries. 

In a mature larva, reared in a queen cell, the rudiments of the ovaries are long 
reniform structures (Pl. 8, L, Ov). measuring about 2.25 mm. in length and attached 
to the ventral wall of the heart in the 5th abdominal segment. The anterior 
ends of these rudiments, which lie on the boundary between the 4th and 5th 
abdominal segments, are each prolonged to form slender pointed processes like 
those found in the worker larva. With the exception of these insignificant pro- 
cesses the entire ovarian rudiment of the queen larva is composed of transverse 


parallel columns of dark-staining cells, assumed to represent the future ovarian 
tubules, similar to those of the worker larva but far more numerous, of larger 
diameter, and extending from the ventral to the dorsal margin. These are of 
course united by a connective tissue network. The (presumptive) rudiments of 
the oviducts are similar to those of the worker larva. 


TESTES 


These are relatively enormous structures, measuring about 3.75 mm. in length 
and 1.25 mm. in breadth, and lie on either side of the heart in the 4th, 5th and 
6th abdominal segments, close to the dorsal body wall. They are elongate 
reniform in outline (Pl. 8, J, Tes) and somewhat compressed in a dorso-ventral 
direction. Like the ovarian rudiments, those of the testes are made up of 
numerous parallel transverse cell strands bound together by connective tissue. 
The (presumptive) rudiments of the vasa diferentia (V Def) are similar to those 
of the oviducts in the worker and queen larvae, but more delicate and more 
difficult to demonstrate. 

TECHNIQUE 


Several fixing fluids were tried for killing and fixing bee larvae, but none gave 
as general satisfaction as Carnoy’s acetic-alcohol mixtures. Their success is 
largely due to their superior power of penetration, since the chitinous cuticle of 
the larva, although very thin and delicate, is almost impenetrable by aqueous 
solutions. 

The study of the internal organs by dissection is made difficult by the short 
and curved form of the larva, its small size, the abundance of fat cells and the 
general delicacy of the tissues. The preparation represented by Plate 4, A, 
was made from a larva fixed in Carnoy’s fluid, stained over night in Mayer’s 
carmalum and heavily destained (4 to 6 hours) in acidulated alcohol. The body 
wall, muscles, coagulated blood, etc., were then removed bit by bit with a needle, 
the stain rendering possible the identification of the different organs and tissues. 
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This method of dissection was the one usually employed. Fresh material was 
not found satisfactory. Very successful entire preparations of separate parts, 
such as the head, were made by staining for 18 to 24 hours in carmalum and 
afterwards destaining in acidulated alcohol (0.1 per cent) for about the same 
length of time. To demonstrate the dorsal diaphragm, the larva was first 
killed and the body wall and muscles fixed by immersion in absolute alcohol for 
five minutes. The dorsal body wall was then removed with the aid of fine 
scissors, spread out on a slide, ventral surface uppermost, and the fat body 
gently pushed away from either side of the dorsal mid-line, thus uncovering the 
dorsal diaphragm. The latter was then fixed with any convenient fixing fluid, 
stained rapidly (5 minutes) with Ehrlich’s haematoxylin, dehydrated, cleared, 
and mounted, together with the dorsal body wall, to which it remains attached. 

Sections were made in the usual manner. Celloidin sections 30 to 40 microns 
thick were found very useful in determining the relation and size of organs. 
Sections of material imbedded in paraffin were cut 6 to 8 microns in thickness, 
since the completeness of the series was usually more important than extreme 
thinness of individual sections. Prior to embedding, the larvae were either cut 
in half, or, when sagittal sections were desired, an aperture of considerable size 
was made in the lateral body wall. Infiltration is complete in 4 to 6 hours, if 
xylol has been used for clearing. 

Iron haematoxylin proved to be the only satisfactory stain for sections of 
material embedded in paraffin, the other haematoxylin stains being too diffuse 
in their action. A counter stain such as Orange G or alcoholic solution of eosin 
is useful in differentiating certain structures, such as nerve fibers or the albu- 
minoid granules of the fat cells. Material intended for celloidin sections was 
stained in bulk with Mayer’s carmalum. 


















SUMMARY 







(1) The bee larva has a fusiform shape, the posterior end being the smaller, 
and is flexed ventrad. Its color is ivory white. The larva is divided by con- 
strictions into a head and 13 segments, 3 of which belong to the thorax, the 
remainder to the abdomen. The sternal surface of the abdomen is sharply 
demarcated from the lateral surfaces by the ventrolateral suture. The ventro- 
lateral region of abdominal segments 1 to 9 is raised to form a series of rounded 
swellings, the epipleural lobes. 

Ten pairs of spiracles are present, situated on the lateral faces of the Ist and 
2d thoracic and the first eight abdominal segments, near their anterior limits. 
The head is short and blunt and the neck constriction is a narrow fold. The 
labium is prominent, bluntly conical, slightly compressed dorso-ventrally, and 
bears on’ its tip the common opening of the silk glands. The maxillae and 
mandibles are papillate, the mandibles being more pointed than the maxillae 
and curved mesiad. A well-defined groove, the lateral furrow, runs from between 
the bases of the mandibles and maxillae caudad to the neck constriction. The 
labrum is broad and flat, slightly bilobed at its apex, and is indistinctly marked 
off from the clypeus. The labrum and labium are separated by a narrow cleft- 
like space, the mouth opening, which is bounded laterally by the mandibles and 
maxillae. On each side of the clypeus the antennal rudiments are evident as 
circular papillate elevations. 

(2) The body wall consists of a single epithelial layer of small cells, the hypo- 
dermis, clothed externally by a delicate cuticle. The hypodermis differs greatly 
in thickness in different parts of the body butits average thickness is greatest in 
the head. The cuticle also is here thicker and more rigid than elsewhere. The 
antennal rudiments are ovoid in form and situated in deep peripodal cavities, 
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only the peripheral ends of the rudiments projecting above the surface of the 
head. The peripodal cavities of the antennae as well as of the other appendages 
are closed externally only by cuticle. The wing rudiments are small, flat, heart- 
shaped, hollow outgrowths of the hypodermis situated in shallow depressions 
low down on the second and third thoracic segments. The leg rudiments are 
ovoid in shape and are situated in deep peripodal cayities on the ventral side of 
the three thoracic segments, close to the mid-line. The genital rudiments are 
six in number, one pair being situated on the 8th abdominal segment and the 
other two pairs on the 9th. They are knob-like in form and lie in shallow open 
depressions. 

(3) The rigidity of the head capsule is increased by the tentorium, which con- 
sists of a system of tubular ingrowths of the hypodermis lined by chitin. It 
comprises two short and broad posterior arms which are attached to the cranial 
wall at the junction of the lateral furrows with the neck fold; a transverse central 
body, continuous with the lateral arms; and two slender anterior arms joining the 
ends of the central body to the cranial wall at the sides of the clypeus. On the 
lateral face of each of the anterior arms is a spine for the attachment of a muscle. 
At the base of each of the mandibles, on its mesial side, is a hollow spine-like 
apodeme for the insertion of the adductor muscle. 

(4) The nervous system is simple and primitive as compared with that of the 
adult and consists, in the mature larva, of a brain, a nerve chain comprising 11 
ganglia joined by paired connectives and a stomatogastric ganglion with its 
accompanying nerves, The brain includes a pair of large somewhat crescentic or 
auriculate optic lobes, situated in the transverse plane, well-developed protocere- 
bral lobes, and small antennal lobes (deutocerebrum) and tritocerebral lobes. 
The two halves of the latter are united by a distinct suboesophageal commissure 
which is not fused with the suboesophageal ganglion. Two pairs of nerves 
spring from the brain proper: the antennal nerves, which connect the antennal 
lobes with the antennal rudiments, and the labrofrontal nerves, which spring 
from the tritocerebral lobes. Each of these last mentioned nerves divides near 
its point of origin into the frontal nerve, which runs mesiad to the frontal gang- 
lion, and the labral nerve, which innervates the labrum. The suboesophageal 
ganglion, attached to the brain by slender crura cerebri, is somewhat lenticular 
in form, broader at its anterior end. It represents three pairs of simple ganglia 
and gives rise on each side to four nerves: mandibular, maxillary, labial, and the 
X-nerve of Jonescu. The last mentioned possibly corresponds to the salivary 
gland nerve in other insects. In the bee larva it is difficult to trace but appears 
to terminate in the superficial hypodermis at the base of the labium. The 11 
ganglia of the ventral cord are lenticular in form and are connected with one 
another by distinct parallel connectives. The ganglia are not located in the 
middle of the segments but are near their anterior ends. The three thoracic 
ganglia are the largest, those of the following seven abdominal segments being 
subequal; the 8th abdominal ganglion is, however, elongate and comprises 
three pairs of simple ganglia and the rudiment of a fourth. All of the abdominal 
ganglia are provided with well-developed lateral nerves which divide into branches 

supplying the viscera, muscles, etc. The stomatogastric system comprises a 
well-developed stomatogastric ganglion situated above the pharynx and con- 
nected to the brain by the frontal nerves. Anteriorly it gives off a single nerve, 
the superior pharyngeal nerve, supplying the superior pharyngeal muscles and 
the tip of the labrum. Posteriorly the stomatogastric ganglion gives off a stout 
nerve which passes caudad, diminishing in caliber meanwhile, along the dorsal 
surface of the oesophagus. It finally breaks up into small branches. 
The nervous system of the larva is histologically similar to that of the imago 
but is of course less specialized. The central nervous system displays the usual 
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division into an outer and cortical zone of ganglion cells surrounding an inner 
central core of nerve fibers (punk-substanz). Among the ganglion cells large 
actively dividing neuroblasts, like those of embryos, may frequently be recognized, 
An outer neurilemma is always distinguishable; an inner neurilemma is probably 
also constantly present, but less evident. In the brain of the larva many of the 
typical features of the imaginal brain may be readily recognized, such as the 
arrangement of the cells of the optic lobes to form inner, middle and outer fibrillar 
masses, and the presence of well-developed mushroom bodies. 

(5) The corpora allata are spherical bodies about 0.85 mm. in diameter, 
situated one on each side of the mid-line, close behind the brain, lying on the 
dorsal side of the anterior arms of the tentorium, and in close contact with the 
walls of the aorta. Each is composed of a compact mass of polyhedral cells, 
Tracheoles may be seen to enter these bodies and penetrate between their com- 
ponent cells. 

(6) There are ten pairs of spiracles, following the rule for insect larvae, located 
on the 2d and 3d thoracic and the first eight abdominal segments. The spiracles 
of each side open by short branches into a longitudinal trunk. The two trunks 
are united anteriorly by a loop or commissure in the region of the neck, above 
the oesophagus, and posteriorly by a similar loop below the hind-intestine. The 
longitudinal trunks are also connected by segmentally arranged commissures 
which run close to the ventral body wall. Two pairs of tracheal branches from 
the anterior tracheal loop supply the brain, antennal rudiments and other parts 
of the head. Segmentally arranged branches springing from the longitudinal 
tracheal trunks supply the muscles, heart and viscera. The tracheae terminate 
in typical tracheal end cells from which arise the tracheoles. The latter never 
branch or anastomose and have never been observed to penetrate the cytoplasm 
of other cells. 

(7) The alimentary canal comprises a short and relatively slender fore-intes- 
tine, a large cylindrical mid-intestine and a hind-intestine. The fore-intestine 
includes mouth, pharynx and oesophagus, these three divisions being somewhat 
ill-defined. The mouth is a wide transverse slit passing immediately into the 
pharynx. The latter is provided with a well-developed epipharynx which con- 
sists essentially of a fold of the dorsal wall of the pharynx, and which is provided 
with numerous transversely arranged muscles uniting the lateral margins of the 
fold and also with levator muscles which are attached at the dorsal ends to the 
dorsal wall of the clypeus and labrum. In addition, the pharynx itself is pro- 
vided with two sets of dilator muscles and a pair of levators. The pharynx leads 
directly into the tubular oesophagus, which opens into the anterior end of the 
mid-intestine. Here the wall of the oesophagus is reflected upon itself to form 
a fold which projects into the anterior end of the mid-intestine, thus constituting 
an oesophageal valve similar to that found in many other insects. The oesopha- 
gus is provided with a muscular coat composed mainly of transverse fibers. 
The mid-intestine is very capacious, cylindrical in form, about one-third of the 
diameter of the body and extends from the prothoracic to the 9th abdominal 
segment. Its walls are thick and composed of large cubical cells displaying the 
usual striated border. A peritrophic membrane, apparently gelatinous in con- 
sistency, lines the mid-intestine. This layer appears to be secreted by those 
cells of the mid-intestine lying next to the oesophageal valve. The mid-intestine 
possesses a muscular coat composed of an inner layer of delicate longitudinal 
fibers and an outer layer of transverse fibers. The muscle fibers of both layers 
are branched and anastomose with one another. This is more conspicuously 
seen, however, in the case of the inner longitudinal layer. The posterior end of 

the mid-intestine is completely closed and its extremity is not covered by the 
muscular coat. The hind-intestine is a relatively slender tube, doubled on itself 
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and of uniform diameter except at its anterior end, which is enlarged and closed 
anteriorly by a thin diaphragm-like membrane which is closely applied to the 
extreme posterior end of the mid-intestine. The hind-intestine is clothed with 
a well-developed muscular coat composed of an inner layer of circular (trans- 
verse) muscle fibers and an outer layer of longitudinal fibers. Posteriorly the 
hind-intestine terminates in a slit-like anus. Here the hind-intestine is provided 
with muscle fibers which act as dilators, 

(8) The Malpighian tubules are long and winding, extending cephalad to the 
region of the metathorax. Their tapering and pointed posterior (central) ends 
are blind and are inserted between the posterior extremity of the mid-intestine 
and the thin epithelial layer closing the anterior end of the hind-intestine. In 
young larvae the Malpighian tubules are slender, with a small lumen and rela- 
tively thick walls; in old larvae they attain a relatively large diameter and pos- 
sess very thin walls, being obviously much distended. After the cell occupied by 
the larva has been sealed and communication between the mid- and hind-intestine 
has been established, permitting the discharge of feces, each of the Malpighian 
tubules acquires an opening into the mid-intestine by means of a minute canal 
perforating the annular remains of the epithelial layer which formerly closed the 
anterior end of the hind-intestine. The discharge of the fluid excreta of the 
Malpighian tubules thus occurs simultaneously with the discharge of solid 
excreta from the mid- and hind-intestines. 

(9) The silk glands comprise a pair of slender tubes, thrown into numerous 
short convolutions and extending nearly the entire length of the larva, below the 
mid-intestine. Their anterior ends unite to form a thin-walled duct, lined 
with chitin, which opens by a slit-like aperture on an elevation situated on the 
tip of the labium. 

(10) The trunk muscles are the same in all the abdominal segments except 
the 10th, and are (1) ventral longitudinal, a group occupying the sternal region 
of each segment and connecting its anterior and posterior margins; (2) ventral 
oblique, a pair of flat bands running obliquely cephalad and mesiad across the 
sternal region and also connecting the anterior and posterior margins of each 
segment; (3) lateral oblique, comprising one stout band crossing the lateral region 
of each segment in a cephalad and mesiad direction and connecting the two 
margins of the segment, and a small band crossing the lateral region in 
the opposite direction and having its dorsal end attached to the body wall in the 
region of the spiracle; (4) two small dorso-ventral bands; (5) dorsal longitudinal 
muscles connecting the anterior and posterior dorsal margins of the segments; 
(6) dorsal oblique muscles running from the posterior margin of each segment, in 
the dorso-lateral region, obliquely cephalad and mesiad to an oblique line of 
attachment on the body wall, the sutural line separating the prescutum and the 
scutoscutellum. Since the body wall is nowhere rigid, the arrangement of the 
muscles is responsible, to a large extent at least, for the external contour of the 
larva. 

(11) The heart is a thin-walled tube, blind at its posterior end and running the 
entire length of the body in the mid-line close to the dorsal body wall, and con- 
tinuous cephalad as the aorta, which enters the head. The structure of the 
larval heart closely resembles that part of the imaginal heart lying in the abdomen. 
It posses a pair of valvular ostia in every segment except the Ist (possibly also 
the 2d) thoracic segment and the 9th and 10th abdominal segments. The heart 
is composed of two rows of flat cells on each side of the mid-line. The cytoplasm 
of these cells is differentiated to form striped muscle fibers. Externally the heart 
is clothed with a network of branching minute connective tissue cells. A dorsal 
diaphragm is present which is especially well-developed in the 4th to the 9th 
abdominal segments, where it is composed largely of sinuous bands of small 
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cells, as in the adult. Anterior to this region a few cells of medium size, of 
unknown significance, are found attached to the ventral border of the heart, 
The ventral diaphragm is well developed in young larvae, consisting of a sheet 
formed of transverse muscle fibers, spanning the lower portion of the body 
cavity. In old larvae, however, there remain only a few scattered muscle cells. 
The blood cells of the larva are all of one kind, of minute size and ellipsoid form. 
Many are found in division, indicating that this is the chief, if not the only, 
method of increase, since no blood-forming tissue is found. 

(12) The fat body is voluminous, occupying a large part of the body cavity, 
Certain spaces are, however, left open for the flow of blood. The most evident 
of these are, (1) a tubular space extending longitudinally beneath the alimentary 
canal; (2) an annular space around the mid-intestine; (3) a tubular space ex- 
tending longitudinally above the alimentary canal; (4) a set of transverse spaces 
in the dorsal region of the body, one in the middle of each segment and commu- 
nicating with the ostia of the heart. ‘Excretory (urate) cells are present in 
limited number, scattered among the fat cells. Oenocytes are very abundant 
and conspicuous because of their large size and staining reaction. They are 
found scattered throughout the trunk, but are most abundant in the abdomen. 
They are evidently amoeboid wandering cells, but no evidence of phagocytic 
activities was found. 

(13) The rudiments of ovaries in the worker larvae are very small and situ- 
ated in the 5th abdominal segment, attached to the ventral border of the heart 
and consisting principally of connective tissue, in which are embedded trans- 
verse strands of minute cells. These strands are presumably rudiments of 
ovarian tubes. Rudiments of oviducts are present as delicate solid strands of 
cells. The rudiments of ovaries in the queen larva are much larger than in the 
worker larva, showing that their development is greatly accelerated during the 
later larval stages. Their structure is similar to that of the worker larva except 
that the presumptive rudiments of ovarian tubes are both more numerous and 
longer. The rudiments of testes in the drone larva are relatively enormous, 
lying in the 4th, 5th and 6th abdominal segments, and are composed of very 
numerous transversely arranged strands of cells united by connective tissue. 
Rudiments of vasa deferentia are present. 


LITERATURE CITED 




















(1) Aneuas, J. 

1901. OBSERVATIONS SUR LES MBTAMORPHOSES INTERNES DE LA GUEPE 
ET DE L’ABEILLE. Bul. Sci. France et Belg. 34: 364-473, illus. 

(2) Bavrr, V. 

1903. zUR INNEREN METAMORPHOSE DES CENTRALNERVENSYSTEMS DER 

INSECTEN. Zool. Anz. 26: 655-656, illus. 
(3) Beruese, A. 

1900. CONSIDERAZIONI SULLA FAGOCITOSI 

Zool. Anz. 23: 441-449. 
(4) Bisnop, G. H. 

1922. CELL METABOLISM IN THE INSECT FAT-BODY. I. CYTOLOGICAL 
CHANGES ACCOMPANYING GROWTH AND HISTOLYSIS OF THE FAT- 
BODY OF APIS MBLLIFICA. Jour. Morph. 36: 567-594, illus. 

(5) Branprt, E. 

1879. VERGLEICHEND-ANATOMISCHE UNTERSUCHUNGEN UBER DAS NERVEN- 
SYSTEM DER HYMENOPTEREN. Horae Soc. Ent. Ross. 15: 31-50, 
illus. 

(6) Birscuu, O. 
1870. zUR ENTWICKLUNGSGESCHICHTE DER BIENE. 
20: 519-564, illus. 


NEGLI INSETTI METABOLICI. 


Ztschr. Wiss. Zool. 


II, No. ¥] 


cy 


size, of 
heart, 
» sheet 
» body 
e cells, 
| form, 
: Only, 


avity, 
vident 
sntary 
ce ex- 
spaces 
mmu- 
nt in 
ndant 
y are 
ymen. 
rey tic 


situ- 
heart 
rans- 
ts of 
ds of 
1 the 
t the 
‘cept 
and 
10Us, 
very 
sue. 


June 21, 1924 Morphology of the Honeybee Larva 


1209 





(7) Carrizre, J., and Bireer, O. 
1897. DIB ENTWICKLUNGSGESCHICHTE DER MAUERBIENE (CHALICODOMA 
MURARIA. FABR.) Abhandl. K. Leopold. Carolin. Deut. Akad. 
Naturf. 69: 253-240, illus. 
(8) Cusnor, L. 
1895. STUDES PHYSIOLOGIQUES SUR LES ORTHOPTDRES. Arch. Biol. 14: 
293-341, illus. 
(9) Dewir7, H. 
1874. UEBER BAU UND ENTWICKLUNG DES STACHELS UND DER LEGESCHEIDE 
EINIGER HYMENOPTEREN UND DER GRUNEN HEUSCHRECKE. 
Ztschr. Wiss. Zool. 25: 174-200, illus. 
(10) Forses, W. T. M. 
1914. A STRUCTURAL STUDY OF THE CATERPILLARS: HI. THE SOMATIC 
MuscLEs. Ann. Ent. Soc. Amer. 7: 109-124, illus. 
(11) GreHUCHTEN, A. VAN. 
1890. RECHERCHES HISTOLOGIQUES SUR L’ APPAREIL DIGESTIF DE LA LARVE 
DE LA PTYCHOPTERA CONTAMINATA. PREMIBRE PARTIE. S&TUDE 
DU REV&TEMENT EPITHELIAL ET RECHERCHES SUR LA SECRETION. 
Cellule 6: 186-289, illus. 
(12) Ginson, G. 
1890-93. RECHERCHES SUR LES CELLULES SACRETANTES. I. LA SOIE ET 
LES APPAREILS SERICIGENES. Cellule6: 119-182, illus., 1890; 
10: 40-61, illus. 1893. 
(13) Hammar, A. G. 
1908. ON THE NERVOUS SYSTEM OF THE LARVA OF CORYDALIS CORNUTA L. 
Ann. Ent. Soc. Amer. 1: 105-127, illus. 
(14) Heymons, R. 

1895. DIE EMBRYONALENTWICKLUNG VON DERMAPTEREN UND ORTHOP- 
TEREN UNTER BESONDERER BERUCHSICHTIGUNG DER KEIM- 
BLATTERBILDUNG. 136 p.. illus., Jena. 

(15) Hitron, W. A. 

1911. THE STRUCTURE OF THE CENTRAL NERVOUS SYSTEM OF CORYDALIS 

cornutTa. Ann. Ent. Soc. Amer. 4: 219-256, illus. 
(16) Hotmeren, E. 

1895. DIE TRACHEALE ENDVERZWEIGUNGEN BEI DEN SPINNDRUSEN DER 

LEPIDOPTERENLARVEN. Anat. Anz. 11: 340-346, illus. 
(17) Hopkins, A. D. 

1909. CONTRIBUTIONS TOWARD A MONOGRAPH OF THE SCOLYTID BEETLES. 
I. THE GENUS DENDROCTONUs. U. S. Dept. Agr. Bur. Ent. 
Tech. Ser. 17, Part I, illus. 

(18) Janet, C. 

1900. RECHERCHES SUR L’ANATOMIE DE LA FOURMI ET ESSAI SUR LA 
CONSTITUTION MORPHOLOGIQUE DE LA TETE DE INSECTE. 205 p., 
illus. Paris. 

(19) 
1905. ANATOMIE DE LA TETE DU LASIUS NIGER. 40 p., illus. Limoges. 
(20) 

1907. ANATOMIE DU CORSELET ET HISTOLYSE DES MUSCLES VIBRATEURS, 
APRES LE VOL NUPTIAL, CHEZ LA REINE DE LA FOURMI (LASIUS 
NIGER). 149p., illus. Limoges. 

(21) Jongscu, C. N. 

1909. VERGLEICHENDE UNTERSUCHUNGEN UBER DAS GEHIRN DER HO- 

NIGBIENE. Jenaische Ztschr. Naturw. 45: 111-180, illus. 





1210 Journal of Agricultural Research Vol. XXVIIL. No, 2 





(22) Karavarv [Karawaliew], V. A. 

1898. DIE NACHEMBRYONALE ENTWICKLUNG VON LASIUS FLAVUS. Ztschr, 

Wiss. Zool. 64: 385-478, illus. 
(23) 

1899. UBBER ANATOMIE UND METAMORPHOSE DES DARMKANALS DER 
LARVE VON ANOBIUM PANICEUM. Biol. Centbl. 19: 122-130 
161-171, 196-202. ' 

Ketxoag, V. L. 

1902. THE DEVELOPMENT AND HOMOLOGIES OF THE MOUTH PARTS OF 

insects. Amer. Nat. 36: 429, 683-706, illus. 
Kenyon, F. C. 

1896. THE BRAIN OF THE BEE. A PRELIMINARY CONTRIBUTION TO THE 
MORPHOLOGY OF THE NERVOUS SYSTEM OF THE ARTHROPODA. 
Jour. Compar. Neurology 6: 133-210. 

KrrMayrer, R. 

1909. BAU UND ENTWICKLUNG DER MUNDTEILE BEI VESPA VULGARIS. 

Morph. Jahrb. 39: 1-30, illus. 
KOSCHEVNIKOV, G. A. 

1900. UEBER DEN FETTKORPER UND DIE OENOCYTEN DER HONIGBIENE 

(APIS MELLIFERA L.) Zool. Anz. 23: 337-353. 
Krauss, W. C. 

1884. ON THE NERVOUS SYSTEM OF THE HEAD OF THE LARVA OF CORYDALIS 

CORNUTA L. Psyche 4: 179-184, illus. 
Kiang, K. F. 

1913. VERGLEICHENDE UNTERSUCHUNGEN UBER DAS GEHIRN, DIE KOPF- 
NERVEN UND DIE KOPFDRUSEN DES GEMEINEN OHRWURMS 
(FORFICULA AURICULARIA L.) MIT BEMERKUNGEN UBER DIE 
GEHIRNE UND KOPFDRUSEN EINES SPRINGSCHWANZES (TOMO- 
CERUS FLAVISCENS TULLB.), EINER TERMITENARBEITERIN (EU- 
TERMES PERUANUS F. AEQUATORIANUS HOLMGR.) UND DER 
INDISCHEN STABHEUSCHREKE (DIXIPPUS MOROSUS). Jenaische 
Ztschr. Naturw. 50: 147-276, illus. 

Kuprrsr, C. W. von. 

1875. DIE SPEICHELDRUSEN VON PERIPLANETA ORIENTALIS UND IHR 
NERVENAPPARAT. In Braune, C. W., Beitrige zur Anatomie und 
Physiologie, Heft 1. 

Leucxart, C. G. F. R., and Nitscus, H. 
1877-93. ZOOLOGISCEN WANDTAFELN. 101 plates. Cassel. 
Leyopia, F. 

1885. ZELLE UND GEWEBE. NEUE BEITRAGE ZUR HISTOLOGIE DES THIER- 

KORPERS. 219 p., illus. Bonn. 
LiptH DE Jeupn, T. W. VAN DE 

1878. ZUR ANATOMIE UND PHYSIOLOGIE DER SPINNDRUSEN DER SEIDEN- 

RAUPE. Zool. Anz. 1: 100-102. 
Maziarsk1, 8. ; 

1903. SUR LES RAPPORTS DES MUSCLES ET DE LA CUTICLE CHEZ DES CRUS- 
tacks. Bul. Internat. Acad. Sci. Cracow., Cl. Sci. Math. et 
Nat. 1903: 520-531, illus. 

Nasonoy, N. V. 

1888. [ON THE POST-EMBRYONAL DEVELOPMENT OF LASIUS FLAVUS.] 
{1886.] Moscow Soc. Sci. Bul. 50 (no. 2): 311-322. [In 
Russian.] 





TI. No, 12 
a 


Ztschr, 


8S DER 
22-130 


RTS OF 


GARIS, 


‘BIENE 


YDALIS 


KOPF- 
/URMS 
2 «DIE 
TOMO- 
 (EU- 

DER 
uische 


June 21, 1924 Morphology of the Honeybee Larva 1211 





(36) Newson, J. A. 
1915. THE EMBRYOLOGY OF THE HONEY BEE. 282 p., illus. Princeton, 
N. J. 
(37) 
1917. THE RELATION OF THE MALPIGHIAN TUBULES TO THE HIND-INTES- 
TINE IN THE HONEYBEE LARVA. Science 46: 343-345. 
(38) 
1918. THE SEGMENTATION OF THE ABDOMEN OF THE HONEYBEE (APIS 
MELLIFICA L.). Ann. Ent. Soc. Amer. 11: 1-8, illus. 
(39) Packarp, A. S., Jr. 
1880. THE BRAIN OF THE LocusT. Rpt. U. S. Ent. Com. (1878-79) 
2: 223-242, illus. 
(40) Pérez, C. 
1908. CONTRIBUTION A L’STUDE DES METAMORPHOSES. Bul. Sci. France 
et Belg. 37: 195-427, illus. 
(41) Petersen, H. 
1912. BEITRAGE ZUR VERGLEICHENDEN PHYSIOLOGIE DER VERDAUUNG. 
V. DIE VERDAUUNG DER HONIGBIENE. Arch. Physiol. [Pfliger] 
145: 121-151, illus. 
(42) Pretscuker, H. 
1911. DAS GEHIRN DER AMEISE. Jenaische Ztschr. Naturw. 47: 43- 
114, illus. 
(43) Reprkorzew, V. 
1900. UNTERSUCHUNGEN UBER DEN BAU DER OCELLEN DER INSEKTEN. 
Ztschr. Wiss. Zool. 68: 581-624, illus. 
(44) RENGEL, C. 
1903. UEBER DEN Z%USAMMENHANG VON MITTELDARM UND ENDDARM 
BEL DEN LARVEN DER ACULEATEN HYMENOPTEREN. Ztschr. 
Wiss. Zool. 75: 221-232, illus. 
(45) Scunerper, A. 
1887. UEBER DEN DARM DER ARTHROPODEN, BESONDERS DER INSECTEN, 
Zool. Anz. 10: 139-140. 
(46) SNoperass, R. E. 
1910. THE ANATOMY OF THE HONEY BEE. U. 8S. Dept. Agr. Bur. Ent, 
Tech. Ser. 18, 162 p., illus. 
(47) SrrinpBerRe, H. 
1913. EMBRYOLOGISCHE STUDIEN AN INSEKTEN. Ztschr. Wiss. Zool. 
106: 1-227, illus. 
(48) ViaLLangs, H. 
1882. RECHERCHES SUR L’HISTOLOGIE DES INSECTES, ET SUR LES PHE- 
NOMENES HISTOLOGIQUES QUI ACCOMPAGNENT LE DEVELOPPE- 
MENT POSTEMBRYONNAIRE DES CES ANIMAUX. Ann. Sci. Nat, 
Zool. (VI) t. 14, art. 1, 348 p., illus. 
(*e) —— 
1891. SUR QUELQUES POINTS DE L’HISTOIRE DU DEVELOPPEMENT EM- 
BRYONNAIRE DE LA MANTE RELIGIEBUSE (MANTIS RELIGIO8A). 
Ann. Sci. Nat. Zool. (VII) 11: 283-328, illus. 
(50) Wauirs, G. F. 
1917. sacBroop. U.S8. Dept. Agr. Bul. 431, 54 p., illus. 
(51) WieLowteyski, H. von. 
1882. sTUDIEN UBER DIE LAMPYRIDEN. Ztschr. Wiss. Zool. 37: 354- 
438, illus. 














1212 


Journal of Agricultural Research 





(52) WreLow1eysk1, H. von. 


1886. UEBER DAS BLUTGEWEBE DER INSEKTEN. EINE VORLAUFIGE 
MITTHEILUNG. Ztschr. Wiss. Zool. 43: 512-536. 


(53) Wiutams, F. X. 


1916. PHOTOGENIC ORGANS AND EMBRYOLOGY OF LAMPYRIDS. Jour. 
Morph. 28: 145-206, illus. 


(54) WistineHausen, C. V. 


1890. UEBER TRACHEENENDIGUNGEN IN DEN SERICTERIEN DER RAUPEN, 
Ztschr. Wiss. Zool. 49: 566-582, illus. 


(55) Zawarzin, A. 


1911. HISTOLOGISCHE STUDIEN UBER INSEKTEN. 


1. DAS HERTZ DER 


AESCHNALARVEN. Ztschr. Wiss. Zool. 97: 481-510, illus. 






AntL, Antennal lobe. 
AntNv, Antennal nerve. 
Ant, Antennal rudiment. 
Ao, Aorta. 
ApTen, Spur on anterior arms of ten- 
torium. 
ATraL, Anterior tracheal loop. 
BIC, Blood cells. 
Br, Brain. 
1Br, Protocerebral lobes. 
8Br, Tritocerebral lobes. 
Bral, Bra2, Tracheal branches to head. 
CCer, Crura cerebri. 
Clp, Clypeus. 
Com, Commissure of ventral nerve cord. 
Con, Connective of ventral nerve cord. 
ConCls, Connective tissue cells. 
CorAll, corpora allata. 
Ctl, Cuticle. 
DDph, Dorsal diaphragm. 
DilPhy, dilator muscles of pharynx. 
DLMd¢l, Dorsal longitudinal muscles. 
DOMcl, Dorsal oblique muscles of 
trunk. 
dph, Diaphragm closing anterior end of 
hind intestine. 
DphCl, Diaphragm cells of heart. 
DphMcl, Muscle fibers of dorsal dia- 
phragm. 
EMd, Extensor muscle of mandible. 
EMz, Extensor muscle of maxilla. 
EpL, Epipleural lobes. 
Ephy, Epipharynx. 
EphyMcl, Epipharyngeal muscles. 
1F-3F, Fat cells. 
f, Fatty globules of fat cells. 
fm1, Outer fibrillar mass of optic gan- 
glion. 








EXPLANATION OF SYMBOLS USED IN PLATES AND TEXT FIGURES 


fm2, Middle fibrillar mass of optic 
ganglion. 

fm8, Inner fibrillar mass of optic gan- 
glion. 

FtGng, Frontal ganglion. 

FiNv, Frontal nerve. 

1G-3G, First second, and third pairs of 
genital rudiments. 

Gng, Ganglion. 

HInt, Hind intestine. 

Ht, Heart. 

HiCl, HiCls, Pericardial cell, pericar- 
dial cells. : 

Hyp, Hypodermis. 

Hphy, Hypopharynx. 

ImCls, Imaginal cells of mid intestine. 

INlm, Inner neurilemma. 

In, Intima. 

1L, 2L, 8L, Thoracic legs (rudiments). 

Lb, Labium. 

LbNv, Labial nerve. 

LevEphy, Levator muscle of epiphar- 
yox. 

LevPhy, Levator muscle of pharynx. 

Lm, Labrum. 

LMcl, Longitudinal muscles of alimen- 
tary canal. 

ImNb?, Labrofrontal nerve. 

LNov, Lateral nerve. 

LNovF, Lateral nerve fibers. 

1L0Me¢el, Major lateral oblique muscles 
of trunk. 

2LOMcl, Minor lateral oblique muscles 
of trunk. 

Mal, Malppighian tubules of larva. 

mal, Malpighian tubules of imago. 

MB, Mushroom bodies. 

MclEnt, Muscular layer of alimentary 

canal. 
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Md, Mandible. 

MdNv, Mandibular nerve. 

MInt, Mid intestine. 

Mth, Mouth. 

Mz, Maxilla. 

MzNv, Maxillary nerve. 

Nbl, Neuroblasts. 

Nlm, Neurilemma (outer). 

Nu, Nucleus. 

NoF, Nerve fibers. 

O, rudiment of ocellus. 

Oe, Oesophagus. 

OeCom, Circumoesophageal 
sure. 

Oen, 

OeViv, 
valve. 

OpL, Optic lobe. 

OpPl, - Optic plate. 

Ost, Ostia of heart. 

Ov, Ovary. 

OvD, Oviduct. 

Pmb, Peritrophic membrane. 

PrF, Postretinal fibers. 

Prs, Prescutal area. 

PTraL, Posterior tracheal loop. 

qq, Food matter in mid intestine. 

RAp, Retractor apodeme of mandible. 

1RLb, Major retractor muscle of labium. 

2RLb, Minor retractor muscle of 
labium. 

RMd, Retractor (adductor) muscle of 
mandible. 

RMz, Retractor muscle of maxilla. 

Scs, Scuto-scutellar area. 

SDilPhy, Superior dilator muscles of 
pharynx. 

SIkD, Common duct of silk glands. 


commis- 


Oenocyte. 


Oesophageal (proventricular) 





SIkDO, External opening of common 
duct of silk glands. 

SIkGl, Silk glands. 

SoeCom, Suboesophageal commissure. 

SoeGng, Suboesophageal ganglion. 

Sp, Spiracle. 

SpBr, Tracheal branch to spiracle. 

SPhyNv, Superior pharyngeal nerve. 

st, Stalk, or projection of fundus of 
midintestine. 

StgNv, Stomatogastric nerve. 

SirBor, Striated border of the epi- 
thelium of the midintestine. 

SupCom, Supracesophageal commis- 
sure. 

Ten, Central body of tentorium. 

1Ten, 2Ten, Anterior and posterior 
arms of tentorium. 

Tes, Testis. 

TMcl, Transverse muscles of alimen- 
tary canal. 

Tra, Trachea. 

tra, Tracheoles. 

TraCom, Tracheal commissure. 

TraECl, Tracheal end cell. 

TraTr, Tracheal trunk. 

U, Urate or excretory cell. 

V Def, Vas deferens. 

VDph, Ventral diaphragm. 

VLMel, Ventral longitudinal muscles. 

VIS, Ventrolateral suture. 

VNC, Ventral nerve cord. 

VOMcl, Ventral oblique muscles of 
trunk. 

VS, Ventral sinus. 

WngR, Rudiments of wings. 

X, Nerve designated as 
Jonescu. 

y, Food reserve in fat cells. 
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PLATE 1 
Larva of the honeybee 


A.—Head of mature larva, treated with caustic potash, showing endoskeleton, 
viewed from dorsal surface. X 26. 

B.—Brain and suboesophageal ganglion of mature larva, face view. Drawn 
from a wax model reconstructed from sections and verified by dissections. X 40. 

C.—Same as B, side view. X 40. 


D.—Mature worker larva, removed from cell, viewed from the right side. 
X 6. 

E.—Mature worker larva, fixed within the cell and afterwards removed, 
showing the compressed hexagonal form assumed while within the cell. The 
head and anus are both turned toward the observer, the body being bent in the 
shape of the letter U. X 6. 

F.—Face view of head of mature larva. X 20. 

G.—Head of mature larva, side view. X 20. 
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PLATE 2 
Larva of the honeybee 


A.—Cross section of head of mature larva, intersecting the optic lobes (fm 1-8) 


and antennal lobes (AntL). XX 60. 

B.—Longitudinal section of head of mature larva, passing through one of the 
suboesophageal commissures (SoeCom). X 60. 

C.—Head of larva, face view, showing the optic plates (OpPl) and rudiments 
of antenne (AntR). X 40. 

D.—Longitudinal section of one of the antennal rudiments. X 156. 





PLATE 3 


Larva of the honeybee 


A.—Sagittal section through head of mature larva. X 57. 

B.—Cross section of a thoracic ganglion. X 205. 

C.—Horizontal (coronal) section of a thoracic ganglion. XX 163. 

D.—Longitudinal section of a spiracular branch, intersecting spiracle (Sp)- 
X 195. 

E.—Cross section of a spiracular branch of a mature larva. X 195. 
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PLATE 4 


Larva of the honeybee 


A.—Alimentary canal, silk glands (SIkGl), and Malpighian tubules (Mal) of 
a mature larva, drawn from a dissection. X 10. 

B.—Surface view of a short section of a Malpighian tubule. X 75. 

C.—Cross section of pharynx, just caudad of frontal ganglion. X 152. 

D.—Cross section of Malpighian tubule. X 300. 





PLATE 5 


Larva of the honeybee 


A.—Cross section through the first abdominal segment of mature larva. X 20. 
B.—Section of wall of mid-intestine of old larva, showing imaginal cells 


(ImCls) and striated border (SirBr), XX 235. 
C.—Junction of wall of mid-intestine and oesophagus, longitudinal section, 
showing one-half of oesophageal valve (OeViv). XX 120. 
D.— Muscles of mid-intestine, seen from their inner (central) surface. X ca 80. 
E.—Cross section of hind intestine, showing folds. XX 144. 
F.—Cross section of silk gland, near the fifth abdominal segment. X 235. 
G.—Cross section of silk gland, near its anterior end. X 235. 
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PLATE 7 
Larva of the honeybee 
A.—Dorsal diaphragm and heart, fourth, fifth, and sixth abdominal segments, 


viewed from the inner surface. Diaphragm cells represented by heavy wavy lines. 
X 63. : 

B.—Transverse section of heart (Ht), taken near the anterior end of the 
abdomen. X 315. 
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PLATE 8 


Larva of the honeybee 


A.—Four fat cells from advanced worker larva, showing fat globules blackened 
by osmic acid. 

B.—Oenocyte (Oen) and fat cell (F), from a mature larva. X 406. 

C.—Urate cells (u) and fat cell (F), from a mature larva. X 406. 

D.—Fat cells (F), oenocytes (Oen), and urate cells (uv), from a larva about 
two days old, showing the crowding of the nuclei toward the side of the cells. 
X 406. 

E.—Four fat cells from a larva 3 days old. X 406. 

F.—Three fat cells from a larva 3 to4daysold. X 406. 

G.—Transverse section through heart (Ht) and rudiments of ovaries (Ov) of 
a mature worker larva. X 18. 

H.—Transverse section through the rudiment of an ovary of a mature worker 
larva, taken near the posterior end of the rudiment. X 176. 

I.—Side view of rudiment of ovary of mature worker larva, showing r udiment 
of oviduct (Ovd). X 28. 

J.—Rudiment of testis of drone larva, side view. X 9. 

K, L.—Rudiments of ovary of worker larva and queen larva, respectively. 
X 9. 











EFFECT OF WINTER RATIONS ON SUBSEQUENT PASTURE 
GAINS OF STEERS! 


By E. W. SxHEets 


Assistant Chief, Animal Husbandry Division, Bureau of Animal Industry, 
United States Department of Agriculture ? 


OBJECT AND PLAN OF THE WORK 


To determine the influence of several winter rations on the gains of 2-year- 
old steers in the following summer on 
pasture, an experiment was carried on for 
three years. This experiment is part of 
a series of experiments on beef-produc- 
tion problems in the Appalachian Moun- 
tain region that have been in progress 
since December 22, 1914, in cooperation 
between the Bureau of Animal Industry 
of the United States Department of 
Agriculture and the West Virginia Agri- 
cultural Experiment Station, on the 
farm of David Tuckwiller, in Greenbrier 
County, W. Va. This farm is situated 
in the southeastern part of the State 
in the blue-grass area. 

The results of similar work with cows, 
calves, and yearlings are published in 
United States Department of Agricul- 
ture Bulletins 1024, 1042, and 870, re- 

. Fic. 1.—Region to which this work applies. The 
spectively. black dot indicates the location of the farm on 

The work was carried on for three which the experiment was conducted, The 
years in order to have an average of shaded portion represents the area to which the 
feeds, cattle, seasons, and other con- _— "sults are applicable, and the dotted portion 
ditions. tending. te proda wont, shows an additional area to which the results 

g p ce variation apply in pert 
A general outline of the experiment, 
including the feeds used for the different lots of steers, is given in Table I. 

















1 Received for publication May 19, 1924—issued Nov., 1924. This experiment is reported in full in 
United States Department of Agriculture Bulletin 1251. 

* Arthur T. Semple and R. H. Tuckwiller, Animal Husbandry Division, United States Department of 
Agriculture and E. A. Livesay of the West Virginia Agricultural Experiment Station assisted in this study. 
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TaBLe [.—Outline of the three years’ work 





Winter periods > 


















Duration Feed 





Corn silage and cottonseed meal....................----- 






“Sat 8 Corn silage, cottonseed meal, and wheat straw -........- 


1919-20 10 127 136 
Cisnck 1920-21 10 121 |}Corn silage and mixed hay..................-...---.-..- 128 
1921-22 10 124 141 




















* Owing to accidents 1 steer died in Lot 2 in the summer of 1919-20 and 2 steers died in Lot 5 in the winter 
of 1920-21; averages for — 2 pt based on 29 steers and for Lot 5 on 28 steers in su! uent tables. 

, 1919-20, Dec. 23 to Apr. BA ge a ty Dec. 28 to Apr. 27, inclusive; 1921-22, Dec. 23 to Apr. 25, 
inclusive. The average le h of period is 1 24 da ays. 

¢ 1919-20, Apr. 28 to sept 10, inclusive; 1920-21, Apr. 28 to Sept. 2, inclusive; 1921-22, Apr. 26 to Sept. 
13, inclusive. PThe average length of period is 135 days. 


KINDS OF STEERS USED 





The steers used were long 2-year-old grade Shorthorn, Hereford, and Aberdeen 
Angus, raised in southern West Virginia. They were good feeder steers, quite 
uniform in quality and condition. They ranged in weight from 800 to 1,200 
pounds and averaged 964 pounds at the beginning of the winter periods. 


METHOD OF FEEDING AND HANDLING THE STEERS 


In the fall before starting the steers on winter feed they were divided into lots 
of 10 each. In making this division, care was taken to have the lots as nearly 
uniform as possible in quality, breeding, size, and condition. The different lots 
were given the same amount of space in an open barn and were kept under cover 
all winter. Water was supplied in the stalls at all times and salt was constantly 
available. The steers were fed twice a day. 

The feed, both concentrates and roughage, was carefully weighed at each feed- 
ing. All the feeds used were of good quality. There was practically no waste. 
The steers were weighed for three consecutive days at the beginning and at the 
end of the winter period. They were also weighed once every 28 days. All 
weighings were made in the morning after feeding. Neck straps and disks or ear 
tags with numbers on them were used, so that ready identification of each indi- 
vidual could be made and records accurately kept. 

In the spring of each year, as soon as the grass was good enough, which was 
usually about April 25, the steers from all the lots were turned into a rather hilly 
pasture of about 300 acres with no additional feed. A good growth of blue grass 
with white clover is found on all parts of the pasture. A small stream, which 
flows through the pasture, provides an abundance of fresh water throughout the 
summer. The soil is of limestone formation. Under normal climatic conditions 
there is sufficient rainfall to keep the grass growing throughout the season 
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Weights were taken once every 28 days during the first summer. Afterwards 
the practice was discontinued on account of the loss incident to driving such heavy 
steers the long distance from the pastures to the scales. During the second 
summer they were weighed only on the sixty-second day and during the third 
summer only on the forty-fourth day. Three consecutive daily weights were 
not taken at the end of the grazing season, on account of the incident loss in 
weight. Each year the steers were marketed in Jersey City at the end of the 
summer grazing period. 


QUANTITY OF FEED CONSUMED 


Table II shows the total quantities of different feeds eaten by the various lots 
and the average daily ration per steer in each lot during each of the three winters. 
All lots except Lot No. 2 were fed to make a small gain in weight. Lot No. 1 
failed to gain in weight in the winter of 1921-22 on account of the poor quality 
of the mixed hay. They would not eat enough of it to maintain their weight. 
It was planned to feed Lot No. 2 so that it would lose slightly in weight. This 
object was not attained the first year. The quantities of feed consumed daily 
were practically the same throughout the winter periods. Lot No. 3 was given 
practically as much silage as the steers would clean up. 


Tasuie II.—Average total and daily rations per steer during winters 






































Total feed per steer || Daily feed per steer 
Winter feed Aver~ {{|___ Aver- 
age | age 
1919-20 | 1920-21 | 1921-22 1919-20 | 1920-21) 1921-22 
it 1: Pounds| Pouwnds| Pownds| Pownds|| Pounds ae Pownds| Pounds 
itioed bev: Se pene ----| 2,540} 2,403; 1,860| 2,268 20.0 19.9 15.0 18.3 
PE iditeddcendancuctncndunes 254 242 245 247 2.0 2.0 2.0 2.0 
Lot 2: fy NSE RRR 3,810 | 3,490} 3,487)| 3,588 30.0 28.8 28.1 28.9 
ia RGU 2s occdsdesconce 5,080 | 4,840) 4,478) 4,799 40.0 40.0 36. 1 38.7 
st 4: 
Ta NI cas bai ccnccciccvces --| 3,810 | 3,490 3,683 ae 30.0 28.8 20.7 29.5 
' — NE ee > 190 181 184 185 15 15 1.5 1.5 
400 9: | 
eet s aan one | 3,125 | 3,025 3, 069 3, 076 | 25.0 | 25.0} 47 4.8 
|. | eae eae | 734 725 | 5.8 5.8 5.9 5.8 
5 Pe rapa ee } 127 121 133 124 | 1.0) 1.0 1.0 1.0 
0 | } | 
es ae ed | 3,125} 3,025| 3,069/| 3,073 a | 25.0} 25.0| 247 24.8 
pS RCE eS ee | 1,016 968 749 911 | 8.0 | 8.0 6.0 7.3 
- — u i — = ——_—__—_—— —— —— —_— 








As Table III shows, there was considerable variation in the nutritive ratio 
of the rations as fed as well as in the quantities of dry matter and digestible 
nutrients in them. The rations containing hay and straw were especially high 
in dry matter. The rations of silage alone were lowest in digestible protein, 
while that containing 1.5 pounds of cottonseed meal was considerably the highest. 
The rations containing cottonseed meal had hutritive ratios considerably narrower 
than the others. 
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TaBLe III.—Quantities of dry matter, digestible nutrients, and nutritive ratios of 
the rations 


Digestible nutrients 





| 
1 ; Carbo- [Nutritive 
Winter ration per steer Dry retain hy vdrate ratio 
: uiva- | 
font a | 








“Pounds | Pounds | 
0. 63 9. 08 | 


Mixed hay (18.3 pounds) .. 
Ear corn (2.0 pounds) -. 








10.46 | | 1:149 





Corn silage (28.9 pounds) .. 
Corn silage - - ..- (88.7 pounds)... 
i ~. (29.5 pounds) - . 
(1.5 pounds) - . 
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4 The carbohydrate equivalent is the sum of the digestible carbohydrates plus 2.25 times the digestible fat. 
> This is based on the initial weights of the steers. 


GAINS DURING WINTER AND SUMMER 


The initial spring and final weights and the gains and losses in weight during 
each of the three years are shown in Table IV. 


TaBLE IV.—Average total ® and daily gains during winter and summer 





. » yo Winter and 
Initial Weight} winter gain |Weight | Summer canine 


per or loss per gain per 
weight gain per 
Winter feed per steer steer steer 
steer —_—ae 


4 ¥ 
Total | Daily Total 


Ids. . | Lbs. | Lbs. 
927 35 | 0.28 

981 55 | 0.45 
980 | __ 943 | —37 |—-0. 30 
Average __18 | _ 0.14 

Corn silage sf 37 | 0.29 
—54 |-—0.45 
—6 = 05 
—9 | 


Total) Daily 


Lbs. | Lbs. 
342 | 1.30 
340 





Mixed hay and ear corn... 
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@ On account of dropping fractions in the average weights of the steers as given in this table, one can not 
always add the weights or gains for the 3 years, divide by 3, and obtain the average given. ‘In no case is 
there more than 1 pound of difference 
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DIAGRAMS OF GAINS AND LOSSES 


The seven charts, Figures 2, 3, 4, 5, 6, 7, and 8 show the gains and losses of the 
steers by 28-day periods, except as noted under “‘ Method of feeding and handling 
the steers.” The first six show the effect of the six rations under comparison 
for the three years they were used, one chart being used for each ration. The 
seventh chart shows the average gains for three years for each of the six rations. 

Horizontal distance on the charts indicates the number of days that the steers 
were fed during the three winters and pastured during the three summers. The 
average data on which each monthly period began are given also. The average 
length of the total period for the three years was 259 days, of which 124 days 
were in the winter period, and the remaining 135 in the summer period. 

Vertical distance on the chart represents changes in the live weights of the 
steers. The weights corresponding to each of the horizontal lines are given 
along the left side of the chart. As the average initial weight of each lot varied 
from year to year, the average initial weight per steer for three years is used 
as a basis in each chart for showing the gains made by each lot each year. 

Much of the difference caused by the winter feeding was overcome during the 
summer. On April 28 there was a difference of 95 pounds between the highest 
and lowest lots; on June 23, 50 pounds; and on September 10, 33 pounds. 


CORRELATIONS 


On account of the variations in the average gains of the six lots during the 
three years, as shown in Table IV, the correlations between the winter, summer, 
midsummer, and total gains of all the steers based on the losses and gains of each 
steer have been calculated to substantiate the conclusions indicated by the aver- 
age gains of each lot for three years. Consequently Figures 9, 10, 11 and 12, are 
presented to show the positions of the individual steers, when they are plotted 
according to their winter, summer, midsummer, and total variations in weight. 
Accordingly, the following results have been obtained: 





| | | 
| Winter gain | Summer gain: Total gain 
} ‘ | 


i 








| Pounds Pounds Pounds | 
) ERE AR Saree a 44.0 297.7 @ 342. 2 
Standard deviation........ 60.1 62.7 57.6 | 








# The sum of the mean winter and summer gain is 341.7 while the mean for the total gain is 342.2, the 
discrepancy being due in all probability to the grouping of the gains in classes of 10 pounds range. 


CoRRELATIONS 
WrADGMOGUNNOR oo isc deeb se —0.572 +0. 034 
Wihter-tMildeumneer = oo cae esse ck — .480 + . 038 
TI 8 Ses cin win mold aie wanes + .429 + .041 
mae -letel 6 oo ce ee hs + .493 + . 038 
REGRESSIONS 
RE TET EE TF 25 he eae Me ee +0. 407 
PNIRINOINOUN eo ee ae Oe Cae ae — . 593 
Midsummer total/winter = .......6 02.508 400 2--45--5-- + .616 
A SOL GOGO Diya ae Ce anne Fee MN at pe — . 384 


According to the regressions, 100 pounds advantage in weight at the end of 
the winter is reduced to 61.6 pounds after 54 days on grass and to 40.7 pounds 
after 136 days on grass. In other words, during the first 54 days on grass, 38.4 
pounds is lost of 100 pounds advantage as compared with 21.3 pounds lost during 
the rest of the summer period of 82 days, making a total loss of 59.3 pounds for 
the whole summer period. 
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Fic. 2.—Results of winter and summer (grass) feeding for Lot 1. These steers were fed the following 
average ration during the winter: Mixed hay, 18.3 pounds; ear corn, 2 pounds 
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Fic. 3.—Results of winter and summer (grass) feeding for Lot 2. These”steers were fed the_following 
average ration during the winter: Corn silage, 28.9 pounds 
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Fic. 4.—Results of winter and summer (grass) feeding for Lot 3. These steers were fed the following 
average ration during the winter: Corn silage, 38.7 pounds 
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Fic. 5.—Results of winter and summer (grass) feeding for Lot 4. 
averageration during the winter: Corn silage, 29.5 pounds; cottonseed meal, 1.5 pounds 
96463—24}——_5 


These steers were fed the following 
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Fic, 6.—Results of winter and summer (grass) feeding for Lot 5. These steers were fed the followin 
average ration during the winter: Corn silage, 24.8 pounds; wheat straw, 5.8 pounds; cottonseed meal 
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Fic. 7.—Results of winter and summer (grass) feeding for Lot 6. These steers were fed the following 


average ration during the winter: Corn silage, 24.8 pounds; mixed hay, 7.3 pounds 
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Fia. 8.—Average results of three years’ winter and summer (grass) feeding for the six lots of steers 
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Fic. 9.—Correlation between the winter losses and gains and the gains for the first 54 days (average for 
three years) on pasture, based on the individual steers 
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Fia. 10.—Correlation between the winter losses and gains and the gains on pasture the following summer 
based on the individual steers 
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Fic. 11,—Correlation between the winter losses and gains and the total gains for winter and summer periods, 
based on the individual steers 
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SHRINKAGE IN TRANSIT AND DRESSING PERCENTAGE 


The shrinkage in transit, commonly called “drift’’ in the Appalachian region, 
and the dressing percentages are given in Table V for the first two years. Owing 
to conditions incident to marketing the cattle, the data at the end of the third 
summer were not obtained. They were shipped either on the same day or on 
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Fic. 12.—Correlation between the gains of the summer periods and the total gains for the winter and 
summer periods, based on the individual steers 


the day after the final farm weights were taken. The trip to Jersey City usually 
occupied about three days, the cattle being unloaded in transit once for feed and 
water. They were sold and slaughtered soon after reaching market. Variations 
in shrinkage and dressing percentage of the several lots are not considered to be 
sufficiently large for drawing conclusions relative to the methods of winter feeding. 
However, it should be noted that Lot No. 4, which made the largest gain for the 


year, dressed highest, and that Lot No. 1, which made the least gain, dressed 
lowest. 
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TaBLE V.—Market weight, shrinkage in transit, and dressing percentage per steer 
for the first and second years’ work 





Farm |Market 
_— weight | weight 
Winter feed “drift,” pony he ah 
transit cent | cent 





Pounds 
66 
77 
ce ee Mitacndresail 71 


Mixed hay and ear corn 








Corn silage 62 
88 


Average 75 








Corn silage = 
Average 75 








Corn silage and cottonseed meal 4 
75 


47 
79 


61 














77 
84 
80 
































CONCLUSIONS 


On the whole, the steers which made larger winter gains also made larger 
total gains for the year when fattened on grass the following summer (corre- 
lation, 0.438). 

The steers which made only slight gains or lost weight during the winter 
made greater summer gains on pasture than steers which made larger winter 
gains (correlation between winter and summer gains, —0.57). 

Consequently, differences in weight of steers at the end of the winter, due to 
rations fed, are gradually minimized during the time of summer fattening on 
grass. An advantage of 100 pounds at the end of winter falls to one of only 41 
pounds after 136 days on grass. 

Since differences in weight due to winter feeding are gradually minimized, but 
not wholly overcome, during the summer season of fattening on grass, it is 
important that cattle to be marketed early should gain considerably more weight 
during the winter than if they are to be marketed late. An advantage of 100 
pounds at the end of winter falls to one of 62 pounds after 54 days on grass. 

There is so little difference between the gains made by the steers in the dif- 
ferent lots at the end of the summer grazing period that any conclusion as to the 
best winter ration must take into consideration the cost of the ration. 

Succulent rations of silage alone, or silage, cottonseed meal, and straw, or 
silage and mixed hay, as used in this experiment, are cheaper and produce greater 
gains for the year than a dry ration of mixed hay and ear corn. 

96463—24t—_8 





PLATE 1 


A.—Lot 1 at the beginning of the third year’s work; winter ration, mixed 
hay, 15 pounds; ear corn, 2 pounds. 
B.—Lot 1 at the end of the third year’s work; average gain per steer, 307 pounds . 
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PLATE 2 


A.—Lot 2 at the beginning of the third year’s work; winter ration, silage, 
28 pounds. 

B.—Lot 2 at the end of the third year’s work; average gain per steer, 378 
pounds. 





PLATE 3 


A.—Lot 3 at the beginning of the third year’s work; winter ration, silage, 
36 pounds. 

B.—Lot 3 at the end of the third year’s work; average gain per steer, 378 
pounds. 
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PLATE 4 


A.—Lot 4 at the beginning of the third year’s work; winter ration, silage 
30 pounds; cottonseed meal, 1.5 pounds. 

B.—Lot 4 at the end of the third year’s work; average gain per steer, 391 
pounds. 





PLATE 5 


Lot 5 at the end of the first winter feeding period, April 22, 1920. They 
represent the type of steers used in the first year’s work, Aberdeen Angus 
breeding predominated. 
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PLATE 6 
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PLATE 6 


A.—Lot 5 at the beginning of the third year’s work; winter rations, silage, 
25 pounds; straw, 6 pounds; cottonseed meal, 1 pound. 

B.—Lot 5 at the end of the third year’s work; average gain per steer, 377 
pounds. 











PLATE 7 


A.—Lot 6 at the beginning of the third year’s work; winter ration, silage 
25 pounds; mixed hay, 6 pounds. 

B.—Lot 6 at the end of the third year’s work; average gain per steer, 362 
pounds. 
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PLATE 8 


The six lots of steers in September, 1922, at the lower corner of their pasture. 
They are about to be driven 5 mites te be loaded and shipped to Jersey City. 





PLATE 9 


Looking from Muddy Creek Mountain across a branch of the Greenbrier 
Valley. The steers were fattened on a pasture at the foot of the mountains in 
the upper part of the picture. 
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A STUDY OF DOUGLAS FIR REPRODUCTION UNDER 
VARIOUS CUTTING METHODS! 


' By Jacos Rosser, Jr., Forest Examiner, Fremont Forest Experiment Station, 
Forest Service, United States Department of Agriculture 


In the fall of 1913, four plots, each 200 by 200 feet, and subdivided into 

» 20-foot sections, were laid out in a typical Douglas fir (Pseudotsuga tazifolia) 
stand in the vicinity of the Fremont Forest Experiment Station, on a north 
exposure, with a fairly uniform slope of approximately 35 per cent and an eleva- 
tion of 9,100 feet. The merchantable stand was approximately 265 years old 
’ and consisted of Douglas fir and Engelmann spruce (Picea engelmanni) in mixture 
with some limber pine (Pinus flexilis), western yellow pine (P. ponderosa), and 
aspen (Populus tremuloides). Approximately 78 per cent of the larger-sized trees, 
over 6 inches in diameter, were Douglas fir, while only 29 per cent of the smaller 
trees were of this species, indicating a gradual replacement of the fir by the 
spruce and a general tendency toward an ultimate spruce type. The soil on the 
plots is a granitic gravel. 

The four plots, arranged from west to east and separated by 40-foot isolation 
strips, were prepared as follows: 

No. 1 was clear cut; No. 2 was left in its original condition to serve as a control, 
with 1,145 trees of Douglas fir, Engelmann spruce, limber and yellow pine, aspen, 
and willow (Salix sp.) of all ages comprising the stand; No. 3 was cut under the 
shelterwood plan, removing all but 83 of the thriftiest mature Douglas firs, 
which were well scattered over the area and in 1916 averaged 9.95 inches in 
diameter breast high; while plot No. 4 was cut as nearly under a selection system 
as the condition of the stand would permit. Two hundred and seventy-one 
Douglas firs were left, representing all sizes from 4} feet high to mature trees. 
While the original stand was by no means even-sized, it was to a large extent 
even-aged, and many, if not most, of the small trees left were merely small 
through long suppression. 

Following the cutting operation, all reproduction below 44 feet in height was 
removed so as not to interfere with future counts. 

In order to study the effect of different methods of slash disposal upon the 
character of the reproduction secured, the slash left after logging on the eastern 
half of each of the three cut-over plots was scattered over the ground, while that 
on the western half was piled and burned. 

The first reproduction count was made in the year 1915, but was only partially 
completed because of the advent of bad weather. A complete count was made 
in 1916. No counts were made in 1917 and 1918, although casual observations 
during 1917 showed no new germination had come in, and that most of the 
1916 germination had disappeared. 

In the summer of 1919, a fairly complete study, including reproduction counts, 
tree measurements, the relation of brush, humus depth, grass, and root length 
to reproduction and survival, and observation of climatological conditions, was 
made and reported upon, and every fall since then reproduction counts have 
been made on 22 of the 20-by-20-foot sections located in diagonal strips across each 
plot, running 8S. 45° W. up the slope, and representing an average of all wartace 
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conditions. The actual area of each group of sections representing a certain 
method of treatment is 0.202 acre. 

The total number of seedlings of the coniferous species present at each of the 
last 5 counts, on the basis of one acre, was as follows: 








Clear-cut Control |Shelterwood| Selection 








1, 287 9, 009 4, 085 3, 352 

579 2, 192 4, 633 3, 980 
1, 083 3, 826 7, 028 6, 465 
1, 267 2, 901 10, 316 8, 530 
1, 569 3, 821 13, 427 9, 707 




















It will be seen that since 1919 the selection and shelterwood areas have tripled 
the amount of reproduction, and that the clear-cut area is building up slowly, 
while the area under the original forest is showing no net increase. The extremely 
large number of seedlings present upon the control plot in 1919 was due to an 
exceptionally heavy crop of 1918 Engelmann spruce seedlings. Because of the 
presence of spruce seed trees upon the control plot this species is always well 
represented in the new crop of seedlings, considerably more so than on any other 
plot. In 1923, 42 per cent of the new control crop was spruce, while on the 
shelterwood and selection plots this species was present only to the extent of 6 
and 2 per cent, respectively, and no new spruce seedlings at all were found upon 
the clear-cut area. 

In each count the seedlings were tallied as new, 1 year old, 2 years old, and 3 
years and older. The last class is considered established and is referred to as the 
“surviving” class. From a study of conditions on plot No. 3 in 1919, only ap- 
proximately 6 per cent of the fir seedlings live after the first year. One-half of 
these die during the following three years, and more than likely most of them 
during the second year. The mortality rate after the third year is low. 


SURVIVAL OF SEEDLINGS 


Although it is always desirable to secure copious reproduction, the criterion of 
success for any system is the amount of survival, and it is in this respect that the 
virgin stand falls down. Fifty-nine per cent of all the reproduction present in 
1923 on the control plot was represented by 1923 seedlings, of which the expecta- 
tion of survival is very low. Under the shelterwood cutting all but 6 per cent of 
the trees were at least one year old, as was the case also on the clear-cut area, 
while in the selection forest only 1 per cent were new seedlings. 

The following summary gives the number of established, or three-year-old, 
seedlings per acre for each system: 























| | | 
Clear-cut Control | Shelterwood| Selection 
wt ALME AERTS CR 
Se 287 238 | 811 480 
Wabinlis aku | 213 233 1, 127 550 
RN RR 881 2, 271 5, 094 3, 985 
md ae ee 1, 430 6, 436 4, 592 
1923.........| 1, 005 1) 237 6, 891 4,638 | 
| 





Again, as in the case of total germination, there is a perceptible yearly increase 
on the cut-over plots. The big increase in 1921 is due to the 1918 Douglas fir 
seedling crop passing into the survival class. Under the virgin forest, the 3-year- 
old class is gradually decreasing, indicating that the seedlings are unable, even 
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after apparently becoming established, to combat the natural conditions under 
which they must grow. 

It was found that only 32 per cent of the trees on the control plot in the 1923 
count were 3 years and older, while on the selection plot these reached 48 per cent, 
Upon the shelterwood plot 51 per cent were 3-year seedlings, and 64 per cent 
upon the clear-cut plot. 

The different species were represented in the 1923 surviving class by the 
following percentages: 





| 
Clear-cut Control |Shelterwood| Selection | 
| | 
} - o 
| 


Dougies fir...........- 62 7 { 80.3 85 

Engelmann spruce -..... 20 36.5 0 | 19. 2 12.7 
Limber pine es 18 65 | 0.4 2.1 
Yellow pine... ....... 0 0 } 0.1 0.2 








One object of the cutting experiment was to secure a young stand of Douglas 
fir to the exclusion of other species and, as will be seen, the shelterwood and 
selection plots have come closest to securing a fulfillment of this object. To a 
large extent, success in securing reproduction is dependent upon the seed supply, 
which has been abundant on all plots but the clear-cut. The high percentage 
of survival that this area shows indicates not so much growing conditions superior 
to the other areas as that little new reproduction is coming in. What does 
appear is mainly confined to the west (windward) and south sides of the plot, 
adjacent to heavy timber. It is evident that 1 acre is too large an area to be 
successfully reseeded from the sides when in the form of a square. 

In general, the humus on the clear-cut plot is too deep to favor new reproduc- 
tion, and an accumulation of new humus in the form of aspen leaves is beginning 
to cover the soil with a layer which seedling roots find it difficult to penetrate. 
The entire area is now covered with a heavy stand of aspen, some of which is 
15 feet in height. While this is not so thick as through shade and moisture 
competition to preclude the possibility of fir reproduction, it is gradually building 
up such a barrier upon the ground as to offer serious hindrance to any reproduction 
that might appear despite the lack of seed. 

The selection plot ranks low in percentage of spruce reproduction because it 
is the only treated plot having no spruce seed trees on its windward side. In 
general it has furnished as much fir reproduction as has the shelterwood plot, 
but it does not stand as high in survival of this species. It is quite possible 
that this is due to more favorable location of the shelterwood plot, as will be 
shown; but natural conditions of growth also favor the shelterwood plan in 
stands like this that are mostly even-aged. 


MOISTURE A DETERMINING FACTOR 


The results of several years’ investigation of climatic factors upon the plots 
lead to the following interesting deduction regarding moisture supply: During 
the early part of the year moisture conditions are most favorable in the old- 
growth stand, where wind movement and insolation, the chief factors in evapora- 
tion, are at a minimum. The selection and then the shelterwood areas follow 
inorder. Because of its exposure, the clear-cut plot shows the lowest percentage 
of soil moisture for the whole season. Since soii moisture appears to be a con- 
trolling factor in Douglas fir reproduction, any considerable amount of early 
germination on the clear-cut area is made difficult. However, there is less sea- 
sonal variation in moisture here and a more even supply than under any of the 
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other systems of treatment, on account of the small amount of tree growth. 
Thus it is that seedlings that get a start while stored-up moisture is available in 
the spring, and before the aspen activity starts, are furnished with a fairly uniform 
supply of moisture throughout the season and survive. This is in contrast 
particularly to the condition under the original stand, where the multitude of 
seedlings, accustomed at first to plentiful moisture, hence not stimulated to 
deep rooting, easily succumb as this moisture is rapidly exhausted by the roots 
of the older trees. 

The shelterwood area, being protected by the control plot against excessive 
wind movement and evaporation, has practically as plentiful a supply of mois- 
ture in the spring as the selection plot with more crowns. This is due also to the 
accumulation of drifted snow in the winter along the west side, and a relatively 
small drain by the old trees, and insures ‘good germination and survival. The 
factor of winter protection, provided by drifting snow and shelter from the con- 
trol plot, is, however, a matter of relative position rather than one of the silvi- 
cultural systems involved. The prevention of drifting, on the other hand, 
especially on the clear-cut area, is a strong argument in favor of brush scattering. 

But the moisture supply or lack of it, which is the determining factor in the 
success of reproduction, may in turn be determined by density of stand. The 
percentage of seedlings surviving is governed most directly by late summer or 
fall drought, which is most severe where the heaviest stand remains, in spite of 
the fact that the degree of protection of soil and seedlings varies with the density 
of the stand. All other conditions are inconsequential in comparison with the 
drought caused by the drain of the older trees upon the moisture near the surface. 
The seedling’s worst enemy in many cases may be its parent tree. 

The importance of soil moisture in the success of Douglas fir reproduction upon 
these plots was first brought out by F. B. Notestein in 1912. He established 
sixty 10-by-10-foot reproduction plots, regularly scattered over the entire area 
before it was cut, and studied the influence of light intensity, soil moisture at 1, 2, 
and 6 inches, organic content of the soil at 1 and 2 inches, and soil temperature 
at 6 inches, upon the character of the reproduction. 

It was determined that Douglas fir will reproduce successfully in a light 
intensity of 8.5 per cent. In a stand having an average light intensity of 27.24 
per cent, reproduction averaged most abundant at points of least light; but 
Notestein was satisfied this simply meant that there was sufficient light every- 
where under such a stand, which is comparable to the present control stand, but 
that in the openings where light is intense other conditions were unfavorable. 

Soil moisture was found to decrease with increase of light. At the same time, 
Douglas fir reproduction was greatest at those points having the greatest soil 
moisture. All facts indicated that soil moisture not only is a more potent factor 
than light in controlling reproduction, but that it is the controlling factor. 

The total soil moisture varied directly with the amount of organic matter in 
the soil, while the available soil moisture varied inversely with it. The relation 
between the amount of humus and reproduction is uncertain, but the facts 
brought out indicate the probability that there is a point up to which humus 
increases water capacity more than wilting coefficient, and is, therefore, favor- 
able to reproduction, and beyond which it has the reverse effect. 

No relation was found between soil temperature and reproduction. 


SLASH SCATTERING VERSUS SLASH BURNING 


In order to compare the relative values of scattering slash and piling and burn- 
ing it, the total Douglas fir, Engelmann spruce, and limber pine seedlings present 
in 1923 following the two methods of slash disposal are shown in Table I. 
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TaBLE I.—Effect of slash disposal on seedlings of various ages and species under 
different cutting systems 





Number of seedlings remaining in 1923, by species and year of origin 






































Slash fn poo Rew cut- Douglas fir Engelmann spruce Cimber pine 
1923 | 1922 | 1921 | Older} 1923 | 1922 | 1921 | Older | 1923 | 1922 | 1921 |Older 
Slash scattered: 
Shelterwood. - _.. 901} 267 | 5,465 | 5,009; 30| 20| 277; 525| 00} 40| Oo} 320 
Selection....-.-.... 1,277 | 297 | 2,455 | 4,287} 50/ O| 89/ 356 20] 20] o| 129 
Clear-cut......--.-. 50; 10| 178| 396] O| 10] 59] 178| 20] 80] 30| 50 
-__ aataeepeectans 2,237 | 574 | 8,008 | 9,692) 80 425| 1,050; 40| 149| 30] 218 
Slash burned: 
Shelterwood_.....- 505 | 178 | 4,900/ 6,000; 59/ 79| 624/2119| 20| 40! #9] 2% 
Selection........--- 871 | 346 | 4,613 | 3,504; 0} O| 50) 822; O| 10; 30] 60 
Clear-cut..........- 109} 20| 446 1] 0] Of 30| 228] 10| 20| 40] 27 
I 1,485 | 544| 9,959 /10,514| 50| 79] 713/3,169| 30 70 | 130 | 386 
| 





























TABLE II.—Effect of slash disposal upon all seedlings, all methods of cutting com- 
bined, expressed in percentage of survival 


: Percentage of survival of es- 
Percentage of survival of all 
; tablished seedlings (3 years 
seedlings by species old and over) by species 


Method of slash disposal and year of count > OE 


























Douglas | Engel- | Timber | Douglas | E286! | timber 
fir spruce pine fir spruce pine 

Slash scattered: 

MUI ca cucecobsadvardeckeeucee 48 28 41 48 25 36 

| EEE SN 48 28 38 48 25 33 

ic oi as ieee h ean bk asia 51 28 |) re SEE bE eR 
Slash piled and burned: 

1923 survival... 52 72 52 75 64 

1922 survival... 52 72 62 52 75 67 

1919 survival... 49 72 BB DivcindidudiintdnccccUdlieabicd 





Since Douglas fir is the principal species and includes the bulk of the repro- 
duction it may be said that the method of slash disposal plays a minor part in 
germination and survival. The results for all the counts so studied are very 
consistent. The fir, if anything, shows a very slight preference for the areas 
from which the slash has been removed by fire. 

Engelmann spruce reveals a decided preference for slash-burnt areas, and a 
greater numerical survival there. This condition can be attributed largely to 
the fact that the cleared areas are more favorably located with reference to 
spruce seed sources. On a percentage basis this species survives somewhat 
better under slash, once it gets a start. The 1916 crop had 6.2 per cent surviv- 
ing in the open in 1919, and 15.4 per cent under slash. This ratio may not be 
strictly representative, for the majority of years, but is credible in view of the 
rather slow rooting of spruce, its tolerance to shade, and a sensitiveness to high 
temperatures, which equals though it does not exceed the sensitiveness of Doug- 
las fir. 

Limber pine exhibits a preference for the open both for germination and for 
survival, which is in keeping with the tree’s general demand for open conditions, 
and its habit of thriving in exposed locations. 
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Summarizing it may be said for all species that the method of slash disposal 
plays a minor part in germination and survival. Nor can the amount of slash 
scattered over the area be considered a criterion of the amount of immediate 
protection offered by logs, stumps, juniper, grass, twigs, and small litter, which 
furnish the seedlings protection through the critical period of the third year, 
when there is greatest danger from direct insolation. Again, although scattered 
slash effectively prevents grasses coming in after opening up the stand, nothing 
discovered in this study has indicated that grasses are detrimental to fir repro- 
duction; on the contrary, it has been found that the seedlings prefer to a sur- 
prising extent the protection offered by grasses. The number of survivors 
found and their general thrift indicate that the losses here are no greater than 
under slash. 

In 1919, 85 per cent of fir and 80 per cent of spruce had come up under immediate 
protection, irrespective of cleared and slash areas; in 1922 these figures were 87 
and 82 per cent, respectively. Evidently fir takes advantage of cover more than 
spruce does. Healthy 1917 and 1918 fir seedlings were more abundant under 
slash in 1919, while healthy spruce of the same age was more abundant in the 
open. This is attributed to the fact that the humus under slash is a trifle too 
deep for spruce. However, both species show the best thrift under protection, 
as defined above. As a whole, the seedlings naturally had more chance to come 
up near protection upon areas where the slash had been scattered, but the differ- 
ence was not a great one. 


HUMUS DEPTH AND ROOT LENGTH 


Though the principal factor in germination will be found to be moisture supply, 


survival is dependent to a great extent upon humus depth. There exists a definite 
relationship between drought and depth of humus and also between tolerable 
depth of humus and immediate protection. Protection permits about one-half 
inch of additional humus for fir, and less for spruce. A protected seedling may 
survive the first and crucial season in humus in which an unprotected one would 
succumb. 

Since humus depth is important in governing the distribution and survival of 
fir and spruce seedlings, root length is of prime importance. The root must be 
able to push through the comparatively open, quickly desiccated layer of humus 
and secure a hold in the mineral soil beneath, where, if the seedling is to survive its 
first drought period, it must depend upon a more or less steady moisture supply. 

A study of root length in relation to humus depth was made in 1919. Only a 
limited number of trees were studied, but enough, it is believed, to reflect the 
general trend of the relationship. The following figures represent seedlings 


about one year old: 
DOUGLAS FIR 
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Average root length 2.75 inches. 
ENGELMANN SPRUCE 














Average root length 1.80 inches. 
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Fir seedlings wilt with a difference of 1.16 inches in root length over humus 
depth, while the difference between vigorous seedling roots and humus depth is 
3.13 inches. This would indicate a maximum depth of humus of between 1.50 
and 1.75 inches for vigorous fir seedlings under protection, and 1 to 1.25 inches in 
the open. Spruce seedlings wilt with a difference of approximately 1.04 inches 
in root length, the difference for vigorous seedlings being 1.57 inches. Thus the 
maximum humus depth for vigorous seedlings will be about 1.4 inches. Without 
protection this figure will be about 1.1 inches. 

The average humus depth in inches over the —— in 1919 was: 


scattered |and burned “Verage 





|—__— 


+E Slash | Slash piled | 
a 
ad 


Clear-cut | 1.90 1, 20 


Original forest -_....- 
Shelterwood } 75 
Selection % | 77 





Except upon the slash-covered area under clear cutting, in no instance was 
the humus too deep for fir, and the same may be said for spruce where offered a 
modicum of protection, although the margin in most instances was smaller. 
Clear cutting in general is not desirable, considered from the standpoint of repro- 
duction. Under the original stand, although the margin for healthy spruce 
seedling development is rather small, the long-term history of the stand indi- 
cates that spruce reproduction is actually favored over fir. With the great 
number of spruce seed germinating in virgin stands, it is quite possible that 
enough of these find favorable humus conditions to provide replacement, and that 
other conditions, such as lack of immediate protection and lack of moisture, act 
unfavorably upon the fir. 


HEIGHT AND PROTECTION CORRELATED 


When all species were grouped as protected and unprotected, it was found that 
protected seedlings are uniformly taller than those unprotected, this being more 
true of fir than of spruce. The average difference for fir is 0.27 inch, while for 
the spruce it is only 0.02 inch; but this latter figure is misleading due to an 
apparent reversal of form of the selection seedlings, which were 0.45 inch taller 
when unprotected. In every instance, the humus is from 0.3 to 0.6 inch deeper 
for protected fir and spruce seedlings. Although no measurements of root 
lengths were made, it is hardly likely that humus depth has any influence upon 
survival after the third year. However, assuming that the humus has increased 
in depth only a little since the advent of the seedlings, the favorable effect of 
protection combined with relatively shallow humus is evident. 

It is not known at what rate humus has accumulated upon the plots since the 
original measurements were made, although it is reasonably certain that the 
heavy stand of aspen upon the clear-cut plot is having the effect of building up 
the humus layer and making it more difficult for seedlings to get started. This 
may also be the case upon the scattered-slash areas of the selection and shelter- 
wood plots, but the young stand which has already established itself here makes 
it unnecessary to give any more consideration to the character of the humus. 

An effort has been made in figures 1, 2, and 3 to illustrate the trend of height 
growths for Douglas fir, Engelmann spruce, and limber pine seedlings beginning 
with the fourth year, under the various methods of cutting and under the original 
stand. Insufficient data were at hand to construct a curve for limber pine on the 
shelterwood area, but the curves that are shown emphasize the superior per- 
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GROWTH OF DOUGLAS FIR SEEDLINGS 
UNDER VARIOUS SILVICULTURAL METHODS AND IN THE 
ORIGINAL FOREST IN DOUGLAS FIR STANDS 











© 





on 
ra 





/ 


7 
L 
iy 


2 3 4 5 6 
Height of Seedlings - Inches 


Fia. 1 





@ 


y, 








a 





Age of Trees in Years 
~ 






































GROWTH OF ENGELMANN SPRUCE SEEDLINGS 
UNDER VARIOUS SILVICULTURAL METHODS AND IN 
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formance of Douglas fir and Engelmann spruce seedlings upon the shelterwood 
plot. In every instance, the clear-cut, selection, and original stands rank in 
order downward for each species. . 


GROWTH OF LIMBER PINE SEEDLINGS 
UNDER VARIOUS SILVICULTURAL METHODS AND IN 
THE ORIGINAL FOREST iN DOUGLAS FIR STANDS 
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Fig. 3 
SUPERIORITY OF SHELTERWOOD 


For the past few years, the most striking fact noted in connection with the 
reproduction upon the plots has been the superior development of the young 
trees under the shelterwood cutting. This good growth is not confined to any 
one section or sector, but characterizes the young trees of both Douglas fir and 
Engelmann spruce over the entire area. It is rather difficult to place the respon- 
sibility for this better development upon any of the conditions which establish 
this plot as superior to the selection plot. In order to determine the relation 
between growth rates under the various methods of treatment, the seedlings 
on at least one half of the sections of each plot and all of them upon the clear-cut 
plot were measured in 1923. At the same time, the depth of humus was measured 
as near cach seedling as could be done without disturbing the young tree, and the 
age of each tree was also determined. 

On both slash-scattered and slash-burned areas under the shelterwood cutting, 
the Douglas fir seedlings averaged larger than on any of the other plots. Upon 
the slash-scattered area their average height was 3.53 inches, as against 2.66 
inches for the clear-cut area, and 2.15 inches for the selection. Upon the slash- 
burned area, the respective heights in the same order were 3.12, 2.70, and 2.70 
inches. The average height of fir seedlings under the old stand was but 1.49 inches. 
These figures represent groups varying from 40 to 341 seedlings, with average 
ages varying from 5.40 to 6.05 years and uniformly greater upon the slash-scattered 
areas. Curiously, the seedlings under slash on the shelterwood plot were larger 
than those under piling and burning, which was not the case with the selection 
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and clear-cutting systems. Humus depth, which does not represent the average 
depth to be encountered upon the various plots, and, therefore, can not be com- 
pared with previous measurements, was least for the ‘‘clear-cut’’ seedlings, which 
averaged next to the ‘‘shelterwood”’ seedlings in height, and was greatest for the 
old stand. Except for the latter plot where the humus depth was 1.93 inches, 
the depths at the points where the seedlings are growing (1.30 inches upon the 
cleared areas and 1.65 inches under brush) are fairly uniform, and suggest, 
perhaps, the most favorable depth for fir survival. The average, also uniform 
difference between the depths of humus under the two methods of slash disposal, 
was 0.35 inches, with scattering naturally resulting in the deeper humus. 

The variation in ages was also fairly small, the average age of the surviving 
seedlings, or those over 3 years, ranging from 5.52 years for the shelterwood to 
5.74 years for the virgin stand. , 

Spruce shows a reaction similar to fir in the shelterwood cutting, but the 
“‘selection”’ seedlings are somewhat larger than those upon the clear-cut plot. 
Average heights upon the shelterwood area were 3.26 inches with slash burning 
and 3.21 inches under scattered slash; upon the clear-cut area these heights 
were 2.13 and 2.18 inches, and upon the selection 2.78 and 1.79 inches respec- 
tively. If the results are correctly interpreted, slash burning has a beneficial 
effect. Spruce here again shows its preference for open conditions and shallower 
humus. The average height of this species for five-year seedlings in the original 
stand is only 0.97 inches, whereas the fir seedlings are 1.49 inches tall but a year 
older. The low average age of spruce on this plot is typical of all plots, and 
indicates, in view of the relatively large number of seedlings which start, that 
this species is being surpassed by the fir, contradictory though this may appear 
to the common idea of what is actually taking place. The difference in average 
ages upon the other plots was-slightly lower than under the original stand, vary- 
ing from 0.4 to 0.7 years. 

Limber pine seedlings are much larger upon the shelterwood (6.60 inches under 
brush and 6.40 inches in the open) and clear-cut areas (7.63 and 6.95 inches) 
than upon the others (3.15 and 5.22 inches for the selection and 2.56 inches 
under the original forest), but show no decided preference for either method of 
slash disposal. The average age of these trees, 6} years, shows that: little new 
reproduction of this species is coming in. Practically all of the reproduction 
can be traced to seed originally stored in the duff or cached by squirrels. 

This study of reproduction under the various cutting methods in Douglas fir ~ 
stands has brought out the desirability of the shelterwood system, as particularly 
adapted to Douglas fir stands. It has not proved that slash scattering, employed ~ 
mainly to furnish shade for the seedlings and help conserve soil moisture, has © 
any decided silvicultural advantages oveg piling and burning of slash, save that — 
it is the less expensive and therefore more desirable method. This is more or less | 
a question to be decided upon the ground. The natural debris resulting from © 
logging operations should ordinarily furnish all the protection the seedlings will 7 
need. f 

The success secured in regenerating under shelterwood and to a great extent 7 
under selection cutting is so obvious that it is now planned to make the second § 
cut on the shelterwood stand within the next two years. Periodic reproduction } 
counts will no doubt be continued, to show the effect of this final cutting and 7 
the course of development in the other plots. 
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PLATE 1. 


Shelterwood cutting, looking west through center of plot toward the uncut 
stand in control plot. 





neut 


A Study of Douglas Fir Repfoduetior PLaTE | 














Journal of Agricultural Research Washington, D. C 








THE ISOLATION AND IDENTIFICATION OF QUERCETIN 
FROM APPLE PEELS' 


By Cuaruzs E. Sanpo 


Chemist, Office of Physiological and Fermentation Investigtions, Bureau of Plant 
Industry, United States Department of Agriculture? 


Some time ago the writer’s interest in possible relations between chemical con- 
stituents of the apple and storage scald in this fruit led to an investigation of the 
nonvolatile waxlike substances covering the epidermis.? This work has been 
extended to include a study of the yellow flavonol pigment which occurs in apple 
peels. The present paper deals with the isolation of the pigment and with its 
identification as quercetin, a widely distributed member of the flavonol group. 

The isolation of quercetin has previously been reported from apple bark,‘ but 
no mention has hitherto been made of its occurrence in the peel of the fruit. 


PREPARATION OF QUERCETIN 


The material employed in this work consisted of peels of the McIntosh apple. 
_It was obtained as a by-product in the investigations of Power and Chesnut ° on 
the odorous constituents of apples. In their work, the fresh parings were sub- 
jected to distillation in a current of steam. The residue from the steam-distilla- 
tion was used for the preparation of the flavonol. On account of this treatment 
and the necessity of prolonged extraction with alcohol, in the presence of malic 
acid contained in the parings, the glucoside of the flavonol was not obtained. 

The wet peels after steam distillation were carefully dried and coarsely ground 
for purposes of extraction. The extractions were carried out by using a con- 
tinuous extraction apparatus based on the Soxhlet principle. With this appa- 
ratus it was possible to extract about 1 kgm. of material at each loading. The 
dried material was first extracted separately with petroleum ether and ether in 
order to remove chlorophyll, carotinoids, and waxlike substances. These ex- 
tractions were followed by the use of 95 per cent alcohol, which dissolved the 
coloring matter. The extraction with alcohol was continued for several weeks 
before the last traces of flavonol pigment were removed from the peels. After 
evaporation to eliminate the greater portion of alcohol, hot water was added to 
the syrupy residue. The liquid, upon the addition of neutral lead acetate solu- 
tion yielded a precipitate which contained very little of the pigment. The lead 
precipitate was filtered off by means of a Buchner funnel and then basic lead ace- 
tate solution added to the filtrate. The basic lead acetate precipitate, which 
contained most of the coloring matter, was separated by filtration and decom- 
posed by boiling with 5 per cent sulphuric acid. After removal of lead sulphate 
and cooling, the acid solution was repeatedly shaken with ether in a separatory 
funnel. Evaporation of the ethereal liquid left a residue consisting of erude 





1 Received for publication May 21, 1924—issued Nov., 1924. 

‘In connection with this work thanks are given to Dr. Frederick B. Power for his kindness in supplying 
the material employed. 

4Sanpo, C. E. CONSTITUENTS OF THE WAX-LIKE COATING ON THE SURFACE OF THE APPLE. Jour. Biol. 
Chem. 56: 457-468. 1923. 

‘ RocHLEDER, F. QUERCITRIN AND QUERCETIN. Jahresber. Fortschr. Chem. 1867: 731-732. 1869. 

5 Power, F. B., and CuEesnvut, V.K. THE ODOROUS CONSTITUENTS OF APPLES. II. EVIDENCE OF THE 
PRESENCE OF GERANIOL. Jour. Amer. Chem. Soc. 44: 2038-2942. 1922. 





Journal of Agricultural Research, Vol. XXVIII, No. 12 
Washington, D. C. June 21, 1924 


Key No. G-48F 
(1243) 












1244 Journal of Agricultural Research Vol. XXVIII, No. 12 





coloring matter which weighed 2.45 gm. in the air-dried state. This quantity 
of impure pigment was obtained from 68.6 kgm. of fresh skins, which represented 
545.7 kgm. of whole apples. After purification of the crude material only about 
0.5 gm. of pure pigment remained. 


IDENTIFICATION OF QUERCETIN 


Acetylization of the unidentified substance was carried out by boiling the 
impure pigment with anhydrous sodium acetate and acetic anhydride. The 
reaction mixture was poured into water and set aside over night. The product 
thus obtained, after several recrystallizations from 70 per cent alcoliol, amounted 
to 1.15 gm. It consisted of a feltlike mass of colorless needles which melted at 
194° to 196° C. When the substance was mixed with pure authentic penta- 
acetylquercetin its melting point was not altered. The substance was thus iden- 
tified as penta-acetylquercetin. Combustion of the anhydrous compound dried 
at 160° confirmed this conclusion. 

0.1489 gm. gave 0.3196 gm. CO, and 0.0531 gm. H,0. 
Found: C =58.53, H =3.99. 
Acetylquercetin, C;;H,;0;(C,H;0)5, requires: C = 58.57, H =3.93. 

From the penta-acetylquercetin the free pigment was regenerated by hydroly- 
sis with a few drops of sulphuric acid in glacial acetic acid. After boiling a few 
minutes, the mixture was well diluted with water and set aside in the ice box for 
several days. The insoluble compound was collected in a weighed Gooch crucible 
and dried at 130°. 

0.8436 gm. gave 0.4984 gm. recovered pigment. 
Found: Pigment = 59.08, 
Acetylquercetin, CisH;0;(C,H;0)s, requires: CisH 90, = 58.98. 

The substance obtained by regeneration from its acetyl derivative responded 
to all the tests of pure quercetin. Crystallized from dilute alcohol, it formed 
a glistening mass of yellow needles which were almost insoluble in water, but 
readily soluble in alcohol. Solution in dilute alkalies intensified the yellow color. 
With alcoholic ferric chloride it gave a dark-green color. When reduced in alco- 
holic solution with magnesium ribbon and hydrochloric acid it developed a 
characteristic bright red anthocyanic color. Analysis of the substance, dried at 
130°, showed that it agreed in composition with quercetin. 

0.1559 gm. gave 0.3399 gm. CO, and 0.0466 gm. H;,O 

0.1325 gm. gave 0.2891 gm. CO, and 0.0379 gm. H,0 
Found: C =59.46, 59.50; H =3.35, 3.21 
Quercetin, C,,H,,0,, requires: C =59.59, H =3.34. 


DISCUSSION 


There is some reason for assuming that quercetin in apple peels may be the 
chromogenic substance which is responsible for the formation of brown pigment 
of scalded apples. The investigations of Nagai® have shown that the color of 
aqueous or alcoholic extracts of numerous plant tissues rich in flavones changes to 
brown or reddish-brown when the extracts are treated with freshly prepared plant 
juice containing oxidizing enzyms. This color transformation is attributed to 
the oxidation of certain flavone and flavonol pigments or their glucosides and in 
accordance with this view Nagai has shown that chemically pure preparations of 
the pigments themselves yield brownish colors by the action of. enzyms. For 
example, the addition of oxidase to quercetin resulted in the development of a 


*Naaal, I. A GENETICO-PHYSIOLOGICAL STUDY ON THE FORMATION OF ANTHOCYANIN AND BROWN PIG- 
MENTS IN PLANTS. Jour. Col. Agr. Imp. Univ. Tokyo 8:1-92, illus. 1921. 
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deep red color which rapidly changed to brown. Quercitrin, a monorhamnoside 
of quercetin, under the same conditions yielded a less bright red color than 
quercetin. It was shown that the brown pigment developed at the expense of 
flavonol or its glucoside in solution. These results with quercetin or its glucoside 
and oxidase suggest that the brown pigment appearing in scalded apple peels may 
be produced by interaction in the tissues of quercetin and oxidase which are nor- 
mally present in the skin. The observation that brown discoloration of scalded 
peels is more prevalent on the greener portions lends support to the possibility of 
quercetin or its glucoside being the parent substance of the brown pigment. The 
bright-red areas are highly resistant to scald and there is reason for believing that 
flavonol occurs in smaller quantities in these localities because of its conversion 
into red or anthocyanic pigment. 

It should be borne in mind, however, that other substances in the apple may 
play a part in the formation under certain conditions of brown or reddish brown 
color. According to Overholser and Cruess’ the darkening of cut surfaces of 
apple tissue may be due to the oxidation of a tannin-like substance. It is interest- 
ing to note in this connection that flavonols and tannins are built up of similar 
nuclei and hence may yield closely related brown products on oxidation. 


SUMMARY AND CONCLUSIONS 


(1) One of the first indications of scald in apples is the appearance on the greener 
portions of the fruit of a typical brown discoloration. . A possible relation between 
the suspected occurrence of a flavonol pigment in the skin and scald led to the 
isolation and identification of this pigment. 

(2) The particular flavonol coloring matter, which was found to occur in 
McIntosh apple peels, proved to be quercetin, C,;H,.O,. It was identified by 
means of its penta-acetyl derivative and by combustion of the purified pigment 
itself. 

(3) It is suggested, as a basis for further investigation, that quercetin, or its 
glucoside which has not been isolated, may be the chromogenic substance which 
is responsible for the formation of brown pigment in the peels of scalded apples. 





7 OVERHOLSER, E. L., and CrugEss, W. V. A STUDY OF THE DARKENING OF APPLE TISSUE. Calif. Agr, 
Exp. Sta. Tech. Paper 7: 40 p. 1923. 
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GAMETE PRODUCTION IN CERTAIN CROSSES WITH 
“ROGUES” IN PEAS! 


By Wi.s5R BRorHeEeRrToN, Jr. 


Assistant Pathologist, Office of Cotton, Truck, and Forage Crop Disease Investiga- 
tions, Bureau of Plant Industry, United States Department of Agriculture 


The inheritance of the narrow, pointed stipuled mutation or ‘‘rabbit-eared”’ 
rogue in garden peas, Pisum sativum L., is unusual. Bateson and Pellew? found 
that in crosses with the parent, or broad, obtusely stipuled type, the rogue 
character is dominant, and that in the F, and succeeding generations only rogues 
appear. There is a failure of the expected segregation into rogue and type 
plants. 

Besides the extremely narrow and the very broad stipuled plants, the same 
authors*® 4 described certain intermediate forms which on self-fertilization give 
varying proportions of rogues, intermediates, and types in their progenies. 
Intermediates showing a high percentage of rogues among their offspring showed 
@ progressive increase in the percentage of rogues to nonrogues among their 
progeny when comparing plants derived from the lower nodes with offspring 
from the upper nodes of the same intermediate plant. The change in ratio 
between the two classes of plants was accounted for by a corresponding increase 
among the male gametes of those bearing the rogue factors. The authors point 
out an association between the excessive production of rogues in the F, hybrids 
and the progressive change in the numerical proportions of rogues to types in 
the progeny of intermediates on the one hand with a progressive change during 
growth from type to rogue, in the somatic appearance of both the F, hybrids 
and the intermediates on the other. 

In 19235 the writer reported the fact of segregation in the F, generation of 
crosses between Gradus rogue and typical plants of Mummy, a nonrogue- 
producing variety of peas. Although both rogues and nonrogues appeared in the 
F, and F; generations of this cross, the ratio between the two classes of segre- 
gates did not accord with any known Mendelian system. The rogues greatly 
outnumbered the nonrogues. The F; hybrids resembled in their genetic behavior 
the intermediates described by Bateson and Pellew, but no data were secured 
as to the character of the progeny at successive nodes or of the actual ratio of 
rogue to nonrogue gametes among the ovules and pollen grains. 

From the facts obtained, the hypothesis was advanced that rogues arise de novo 
from the parent type by mutation of a single factor, x to X. It is believed 
that the heterozygous Xx combination is very unstable. In the presence of X 





1 Received for publication April 12, 1924—issued Nov., 1924. 

2 Bateson, W., and PELLEW, C. ON THE GENETICS OF “ROGUES” AMONG CULINARY PEAS (PISUM 
SATIVUM). Jour. Genetics 5:13-36, illus. 1915. 

+ Bateson, W.,and PELLEW, C. NOTE ON AN ORDERLY DISSIMILARITY IN INHERITANCE FROM DIFFERENT 
PARTS OF A PLANT. Proc. Roy. Soc. [London] (B) 89: 174-175. 1916. 

‘ THE GENETICS OF “ROGUES” AMONG CULINARY PEAS (PISUM SATIVUM). Proc. 4 Soc. [Lon- 
don] (B) 91: 186-195. 1920. 

‘BRoTHERTON, W. E., JR. FURTHER STUDIES OF THE INHERITANCE OF “ROGUE” TYPE IN GARDEN 
PEAS (PISUM SATIVUM L.) Jour. Agr. Research 24: 815-852, illus. 1923. 
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the factor x mutates readily to X during somatic development so that at game- 
togenesis the F, hybrid of type with rogue is homozygous for the rogue factor. 

The allelomorphe of X in Mummy is called x’ and differs from x of the rogue- 
producing variety in being more stable, rarely, if ever, mutating to X when in 
the homozygous x’x’ condition. However, in the heterozygous Xx’ combina- 
tion (F, and succeeding generations of rogue X Mummy) the combination, while 
more stable than the Xx germplasm of rogue X type, nevertheless is fairly un- 
stable, and x’ mutates frequently to X. The frequent change of x or x’ to X 
during development of the plant is called mass somatic mutation and the un- 
equal proportion of the two kinds of gametes formed, that is, x or x’: X, results 
in masking the true Mendelian nature of the inheritance. 

The behavior of certain atypical F, hybrids of the same cross indicated that 
occasionally x and x’ mutate to produce intermediate forms in regard to stipule 
shape. The inheritance of these latter forms has not been studied. 

Since the assumed genetic constitution of the rogue, type and Mummy was 
derived from the fact of segregation rather than from the actual F, ratios ob- 
served, it seemed desirable to analyze further the character of the gamete pro- 
duction by the F, hybrid of rogue crossed with a nonrogue-producing variety. 
When out-crossing such an F hybrid with Gradus type, a rogue gamete uniting 
with a type gamete would produce a rogue, and a nonrogue gamete uniting with 
a type gamete would produce a nonrogue plant. This paper is a preliminary 
report of the results of such an analysis. 

The F, plants of rogue X Mummy are very late in flowering and therefore 
difficult to cross with the early-flowering Gradus type. For this reason the F; 
plants of rogue X Rice’s 330 (a nonrogue-producing variety) were substituted. 
Rice’s 330 is an early-maturing sort with stipules intermediate in size and shape 
length of stipule 
width of stipule 
determined by measurements of four stipules from the upper part of mature 
plants for the three parental types was as follows: Gradus type, 1.69340.0107; 
Gradus rogue, 2.339+0.0096; and Rice’s 330, 1.991+0.0086 (Table I). 

In 1919, 36 F, hybrids of Gradus type X Rice’s 330 were grown and found to 
have a mean stipule ratio of 1.825+0.0098, i. e., intermediate between the two 
parents (Table I). The stipules were larger than those of Rice’s 330 and narrower 
than Gradus type, but had the emarginate apices typical of Gradus rather than 
the more acutely pointed stipules of Rice’s 330. 

During the summer of 1920, the writer was unable to have stipule measure- 
ments taken until very late in the season, at which time the foliage of only a few 
of the late flowering segregates was still green enough to measure. In all 87 
plants from 21 families were measured. The mean, standard deviation, and 
coefficient of variation are given in Table I. 

The F, segregates were not classified by inspection, and since the data are 
meager, no attempt is made to analyze the factorial differences between the two 
parents. The data are given at this time merely for comparison with that which 
follows. 

The F, hybrids of Rice’s 330 X Gradus rogue and reciprocal, 32 in all, grown in 
1919, were intermediate between Rice’s 330 and Gradus rogue in appearance, 
with a mé@an stipule ratio of 2.185+0.0213 (Table I). 

The F, generation consisted of 47 families, from which the mean stipule ratios 
of 247 plants were obtained. The range of variation includes that of both parents 
and indicates segregation into rogue and nonrogue forms (TableI). No dataare 
available as to the exact segregation, since the plants were not classified by stipule 
shape. 
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However, some idea of the character of the F, segregation following the cross 
between rogue and Rice’s 330 may be obtained from a classification of 262 F, 
plants grown in 1923 from 5 F, hybrids grown in 1922 under a wire cage to protect 
them from volunteer crossing by insects. The F, plants were grouped as rogues, 
intermediates with pointed stipules of greater width than in typical rogues, and as 
broads with large stipules resembling Rice’s 330 or Gradus type. The variability 
of the rogues and intermediates was such that it was not always easy to separate 
them, but the differences between the two roguelike classes and the broads or 
type-like plants were easily recognized. In all there were 217 rogues, 37 inter- 
mediates, and 8 broads, clearly not a typical Mendelian segregation. 

During the winter of 1922-23 there were grown 155 plants from 32 back- 
crosses of the kind [(rogue X Rice’s 330) X type], as well as 8 of the reciprocal 
back-crosses. The F; hybrids used as either pollen or pistillate parents were the 
same 5 plants whose F, progeny, derived from self-fertilized seed, were grown in 
1923 and described above. 

The progeny of these back-crosses were for the most part easily distinguished 
as broads with wide, rounded stipules, or as rogues with characteristic narrow, 
pointed stipules. The stipule differences between these two classes of segregates 
is clearly shown by the data for their mean stipule ratios given in Table I. Ths 
frequency distribution and mean of 1.748+0.0065 for the broad segregates 
are very near those of the F; hybrids of Rice’s 330 X Gradustype. The varia- 
bility in stipule shape among the broad segregates, as shown by the coefficient 
of variation, is also strikingly near that of the F, generation of the latter, i. e. 
4.63+-0.2664 and 5.07+0.3054, respectively. 

The narrow or roguelike segregates resemble closely the pure rogues in regard 
to their frequency distribution, except that the range of variation of the hybrids 
extends below 2.05, the lowest class of pure rogues. The mean, 2.223+0.0155, 
is significantly different from that of 2.339+0.0096 for the pure rogues, but is 
also decidedly different from that of the broad (nonrogue) segregates. 

The roguelike plants also resemble the rogue parent in the great variability 
they exhibit, caused in part by the presence of chimeralike segregates char- 
acterized at the middle and upper nodes by having the corresponding stipules of 
each pair unlike, that is, one stipule narrow and pointed while the other stipule 
would be broad and obtuse. In all, 13 chimeras were identified, 10 from seed 
pollinated by the type and 3 from the reciprocal cross. The following measure- 
ments of the stipules at successive nodes are typical of this class. The ratios for 
the pair of stipules from the same node are inclosed in brackets and the largest 
ratio, usually above 2.05, indicates in every instance the roguelike stipule. 





Be He iccionanciee 3. 100-2 3. 111-2 3. 118-1 

(1. 71) (1. 66) (1. 86) 

(2. 76) (1. 81) (2. 55) 

(1. 87) (1. 63) (1, 55) 

, (3. 36) (2, 33) (2. 77) 
(1. 53) (1. 82) (1. 92) 

(2. 08) (2. 36) (2. 66) 

Average. ....... 2. 05 1,93 2. 21 




















In the data given in Table I the chimeras are classed as rogues, presumably 
heterozygous for the rogue factor, as shown by the presence of both the pointed 
and obtuse stipules. Whether the chimeras are merely heterozygous forms or are 
mosaics in the sense of Bateson and Pellew is not known, since each plant produced 
only two or three seeds in the greenhouse, and these too late for spring planting. 
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It is hoped to have data soon on the genetic behavior of comparable material 
from similar back-crosses made during the past summer. 

The classification of the F, segregates according to their nodal origin from the 
F, hybrid is shown in Table II. There is a slight tendency for the proportion of 
rogues to nonrogues (broads) to increase toward the upper nodes, but as the total 
number is small, emphasis in the interpretation can not be put on this feature of 
the data. There may be an excess of nonrogue gametes produced by the ovules 
and an excess of rogue gametes produced by the pollen grains. However, the 
numerical differences between the two classes are slight enough to be well within 
the experimental error for so few plants if the real gametic ratio between the 
rogues and nonrogues was 1:1, irrespective of which way the cross was made. 
The ratio of rogues to nonrogues for both crosses combined actually is 77: 78, or 
practically 1: 1. 

On the other hand, the occurrence of a large number of rogues in the F, genera- 
tion above the proportion theoretically expected for a monohybrid ratio can be 
explained by assuming the probable excess production of rogue-bearing male 
gametes indicated by the F, back-crosses actually occurred, especially at the 
upper nodes. The five F, plants used were exceptionally tall and flowered over 
a much longer period than the Gradus types. Consequently the back-crosses 
were made with flowers largely from the eighth to the fourteenth nodes of the 
hybrids. The self-fertilized plants came for the most part from the fourteenth 
to the twentieth nodes on the main stem, or from branches of the main stem pro- 
duced late in the season. 

From the foregoing it appears that the zygote heterozygous for the rogue 
factor is unstable. Apparently the presence of the rogue factor causes a change 
or mutation of the allelomorphic factor which entered the hybrid from Rice’s 
330. This genetic change during the development of the plant is most often due 
to the rogue factor itself, but occasionally it may take some other form, or the 
rogue factor itself may change. In either event a roguelike plant, possibly the 
F, intermediates or the chimeras here described, is the outward expression of 
the change. 

A comparable case has been reported by Blaringhem*®, who studied the 
behavior of a mutation in Pisum with green cotyledons from a variety with 
yellow cotyledons. On self-fertilization the green-seeded peas gave varying pro- 
portions of plants with green, yellow, and variegated green and yellow seeds. 
The yellow seeds breed true, while the variegated and green seeds repeat the 
splitting. Seven self-fertilized green-seeded plants gave only green-seeded plants 
from the upper and lower nodes, while the middle nodes gave all three types. 
The totals for all seven plants were 118 green, 26 variegated, and 17 yellow. 
This author describes the phenomenon as one of hereditary mosaic, evidently 
believing that the green plants are a genetic mosaic of green and yellow and 
that “disjunction” of the two characters takes place under certain environmental 
conditions. He suggests that the manifestation of the true nature of the green- 
seeded plant or mosaic is dependent upon the age of the plant and the en- 
vironment, especially temperature and humidity. 

As Bateson and Pellew point out in discussing the genetic behavior of 
the intermediates they have described, where the gametic output is so fluctu- 
ating it is perhaps unwise to hypothecate a factorial system to interpret the 
results. Nevertheless, it is believed that hére the presence of rogue and non- 
rogue gametes in the ratio of approximately 1:1, at the lower nodes at least of 
the F, hybrid between Rice’s 330 and rogue, indicates a single-factor difference 





* BLARINGHEM, L.—HEREDITE ANORMALE DE LA COULEUR DES EMBRYONS D’UNE VARIETE DE FOIS 
(PISUM SATIVUM L.). Compt. Rend. Acad. Sci. [Paris] 174:877-879. 1922. 
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between the two in regard to the rogue character. It would appear that sub- 
sequently the original 1:1 gametic ratio is disturbed by somatic mutation, so 
that from the upper nodes of the main stem and from its branches an excess of 
rogue gametes is produced. No attempt has been made to determine what 
external influences, if any, affect the gametic ratio. 


TaB.e II.—Distribution according to nodal origin from the F, hybrid between Rice’s 
330 and rogue of self-fertilized progeny and of progeny derived from back-crosses 
with Gradus type 
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SURVEY OF BLISTER RUST INFECTION ON PINES AT 
KITTERY POINT, MAINE, AND THE EFFECT OF RIBES 
ERADICATION IN CONTROLLING THE DISEASE* 


By G. B. Posny, Pathologist, and E. R. Forp, Assistant Pathologist, Blister Rust 
Control, Bureau of Plant Industry, United States Department of Agriculture 


PINE INFECTION SURVEY, 1916-1918 


In 1916 an outbreak of white pine blister rust (Cronartium ribicola, Fischer) 
was discovered in the southern part of York County, Maine. Extensive scouting 
during the same season revealed the rust present in varying degrees of abundance 
throughout southern Maine and adjacent New Hampshire. The oldest and 





severest attacks of the disease found in these regions were upon stands of native 
white pine (Pinus strobus, L.) near a patch of cultivated black currants (Ribes 
nigrum, L.) at Kittery Point, Me. These currants had been brought from Not- 
tingham, England, during the summer of 1897 and planted in a small garden 
surrounded by nearly pure stands of second growth white pine comprising mixed 
age classes. Systematic inquiry and search failed to show that any foreign 
white pine stock had been planted at or near Kittery Point, thus contradicting 
the supposition that the disease became established through that medium. The 
maximum ages of the more advanced rust lesions on pines in the immediate 
vicinity indicate that the establishment of blister rust at Kittery Point was 
coincident with the time when the patch of imported black currants was planted. 
This is further evidenced by the fact that the oldest pine infections found in that 
region are in the immediate vicinity of these currant bushes. 

In 1917 approximately 6 square miles of the infested area at Kittery Point 
were included in an experimental local control tract on which both wild and 
cultivated currant and gooseberry bushes were located and uprooted by syste- 
matic crew work.2 Before eradication began a 31.5-acre block surrounding the 
patch of imported black currants was plotted and each pine, currant, and goose- 
berry located for detailed investigation. 

In 1918 careful studies were made of conditions on the 31.5-acre tract to 
determine the severity of infection on pines and other facts relative to the spread 
of the rust. Results of these investigations are shown in the charts and tables 
which accompany the following discussions. 

































DISTRIBUTION OF PINE INFECTIONS WITH RELATION TO THE PRESENCE 
OF RIBES AND THE INFLUENCE OF STORM WINDS 


The effect of different patches of Ribes in causing blister rust infection on pines 
was evidenced by the condition of the trees and stands nearest these bushes. In 
cases where the Ribes had caused pine infection, the amount of infection on pines 
varied according to the species, size, and exposure of the Ribes and was greatest 
on near-by pines. In several instances the Ribes were small and densely screened 
and apparently had not caused pine infection. (See fig. 1.) 


1 Received for publication May 9, 1924—issued Nov. 1924. 

? A crew consisted of 4 to 6 men in line, followed by a foreman. Intervals between line men varied accord- 
ing to the density of ground cover. In dense brush the interval was 6 feet or less while in open tracts the 
interval increased up to 20 feet. Efficiency was maintained by the constant checking of the foreman and 
by the crew systematically reworking definite units. 











Journal of Agricultural Research, Vol. XXVIII, No. 12 
Washington D. C June 21, 1924 
Key No. G—445 






(1253) 


Journal of Agricultural Research Vol. XXVIII, No. 12 











a = ” 





scarce —4 FOREST TrYPcs 


BLACK 

rm ® arered Beatteres ne. 

meee einen x cen nace ESO A Ee (9 ere Cm 

Fig. 1.—Compilation of data collected on the 31.5-acre experimental area in 1918. Each square 
represents one-sixteenth acre, and the numbers in the squares represent the percentage of pines 
infected when the pines were examined in detail in 1918. 
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FiG. 2.—Data collected on the 31.5-acre experimental area. Figures represent per cent of infected pines in 
each quadrant by 100-foot zones. 
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The predominant effect of the patch of cultivated black currants in causing 
infection as compared to the possible effect of the other Ribes found on the area 
is shown in figure 2. The percentage of infected trees in concentric 100-foot 
zones from the black currants shows pronounced and fairly regular decreases in 
the four directions of the compass, whereas this would not be the case in simi- 
larly spaced zones circumscribing any other point as an infection center. The 
highest percentages of infection, when considered in relation to the location of 
the black currants, are in the paths of the late summer and autumn storm winds. 
On this basis, infection emanating from the patch of black currants was traceable 
in diminishing degrees for distances of 600 to 900 feet while infection from other 
Ribes was comparatively meager on nearby pines and not traceable beyond 200 
feet. 

RATE OF INFECTION OF STAND 


The blister rust became measurably established on pines in the west half of 
the area studied at Kittery Point in 1901. From 1901 to 1916, inclusive, 34.5 
per cent of the trees became infected. The rate at which the stand became in- 
fected increased from a yearly average of 0.225 per cent during the first 4-year 
period to a yearly average of 4.6 per cent during the last 4-year period preceding 
the eradication of Ribes. 


TaBLe I.—Rate of infection of stand 





First Second Third Fourth 
4-year Ls 4-year 4-year 


period period period 
(1901-1904) (1805-1908) (1909-1912) | (1913-1916) 





by m3 number of healthy trees at boginning of 4-year 


REE SE AIG A PRE oe Se Se 6, 727 6, 666 6, 317 5, 386 
ao! healthy trees that became infected during the 
RE eet TS RE SO RO SS Se Te 61 349 931 986 
Per eat of ad trees that became infected during 
PE Bi iesccineindinccéstemmeustcccnbcheumentees 0.9 5.2 14.7 18.3 

















@ Table I is compiled from the data on the west half of the experimental area shown in Figure 1. 


SEVERITY OF INFECTION ON PINES OF DIFFERENT SIZE CLASSES 


The percentage of infection was lowest among trees of the smallest size and 
highest among trees of the largest size. Table II indicates that on the area 
studied the percentages of trees infected are correlative to their diameter-size 
classes. 


TaBLE II.—Percentage of pines infected, by diameter classes % 





Diameter breast Number Trees 
high of pines | infected 





Inches Per cent 
1 and under... ..... 1 
2 


12 
13 and over......... 

















@ Table II is compiled from the data on the west half of the experimental area shown in Figure 1. 
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SEVERITY OF INFECTION IN PINE STANDS OF DIFFERENT DEGREES OF 
STOCKING 


In different units of the area, similarly exposed to Ribes, the percentages of 
infected trees varied according to the degrees of pine stocking. The percentages 
of infected trees were highest in understocked stands and lowest in overstocked 
stands. Figure 3 shows the percentages of trees infected in stands of the area 
having different degrees of pine stocking. 


PINE INFECTION SURVEY, 1921 


In 1921 an inspection was made of the entire experimental control tract at 
Kittery Point, where the Ribes eradication work had been done in 1917, to 
ascertain the effectiveness of this work in preventing further infection of the pine. 
No pine infection occurring since 1916 was found except in isolated portions of 


INFECTION PER CENTS IN STANDS OF DIFFERENT DEGREES OF PINE STOCKING 


PER CENT OF 
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Fig. 3.—Compiled from the data on the west half of the experimental area shown in fig. 1 


the tract where an occasional Ribes bush had been missed by the eradication 
crews or new ones had grown since 1917. Detailed investigations were made 
on thirty-two ys-acre plots located in the experimental area where all of the 
Ribes bushes had been destroyed in 1917 and no new bushes had grown since 
that time, to determine the condition of the pines and the changes which had 
taken place in the stands. 

On the 32 plots there remained 1,737 trees of the original stand studied in 1918 
Of these, 31 per cent or 546 trees had been killed by the blister rust as a result 
of infections which occurred prior to the eradication of Ribes. Painstaking 
examination of the remaining 1,191 live trees of the original stand and 485 young 
trees that had seeded in on the area since 1917 showed that no new infections 
had occurred since 1916. 

There was a marked variation in the severity of infection of different crown 
classes (fig. 4.) The dominant trees, which are of greatest economic importance 
in the stand, were subject to the highest degree of infection from blister rust. 
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SEVERITY OF BLISTER RUST INFECTION IN DIFFERENT CROWN CLASSES 


PERCENTAGE OF PINES INFECTED BY CROWN CLASSES 





SUPPRESSED 








INTERMEDIATE 
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Fic. 4.—A compilation of data for all trees on thirty-two yy-acre plots located 100 to 400 feet from the site of 
the imported black currants in the west half of the area shown in fig. 1 


CONDITION OF THE STAND 


As shown in figure 5, there has been a constant increase in the number of trees 
dying from the effect of blister rust, while the number of infected trees has remained 
the same as in 1917. The number of healthy trees has been augmented by 485 
young pines which seeded in during the four-year control period. This demon- 
strates that the destruction of Ribes prevented the occurrence of new infections 
and allowed pine reproduction to continue at an average annual rate of 60 trees 
per acre. 


CONDITION OF STAND ON CONTROL AREA IN 1917 AND 1921 
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Fic. 5.—A compilation of data collected on the thirty-two yy-acre plots described under fig. 4 
SUMMARY 


Investigations reported in this paper indicate that a patch of cultivated black 
currant plants introduced from England in 1897 and planted at Kittery Point, 
Me., during the same year, established a primary infection center of the white- 
pine blister rust whence the disease became widely spread through the neighbor- 
ing white-pine forests. On the basis of detailed investigations conducted on 
experimental areas selected in and about the primary infection center, the 
following facts are evidenced: 

1. Cultivated black currants were the Ribes mainly responsible for causing 
the pine infection on the area studied. 

2. In cases where either wild or cultivated Ribes bushes had caused pine 
infection, the greatest amount of infection occurred in the nearest pine stands, 
and the infection from these bushes rapidly decreased at greater distances. 

3. The highest degrees of pine infection were in the paths of late summer 
and autumn storm winds. 
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4. The average annual rate at which the pine stands became infected con- 
stantly increased over a period of 16 years and in 1916 the rate of infection was 
20 times the rate in 1901. 

5. The infection percentages in pine stands varied according to the diameter 
classes of the trees, being highest among the larger size classes. 

6. The infection percentages in pine stands varied according to the degree 
of pine stocking, being highest in understocked stands. 

7. The infection percentages in pine stands varied according to crown classes, 
being highest among dominant trees. 

8. Destruction of all Ribes prevented the occurrence of new pine infections ~ 
and permitted the area to be naturally restocked with disease-free seedlings. 
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larva, morphology 1167 
— effects of Bacterial metabolism 163-164, 165 


“Ei. 
diseases, relation to life history of bee 
1 130-135, 159-164 
food, composition 141-142 
foulbrood, causes and development 130-135 
larvae— ‘ 
composition at different ages 42-144 
feeding, cocoon-spinning, and quiescent 
stages 9-163 
life history relation to brood diseases_. 
130-135, 150-164 
a sex, and age, relation to foulbrood.. 130-132 
ie 


lady, squash, insecticides 
powder post, temperatures fatal, —— 
3- 


Beetles, Japanese, insecticides 
Beets— 

a of plants, relation to curly-top suscepti- 

ity 313-314 

growth and weight, effect of ha .- 303-304 
noculation to produce curly- 
— from curly-top in California, 1917- 

1 


planting early to avoid leafhoppers 
resistant strains to curly-top disease 
sugar, curly-top disease, studies. 


cyanam 

honeybee larva 

insect anatomy and metamorphosis 
plant growth factors 

sex studies of fowls. 


Biguanid— 
tee effect on numbers of bacteria in 


nitrification in soils : 
— power, soil colloids, factors influenc- 


Black we. delphinium. See Leafspot, bac- 
terial, of Delp inium. 
Blackberry, orange rust, uninucleated ey 


spores 
Blackrot, apple— 

fungus, comparison with fungus of currant 

cane blight 596-597 

fungus on apple and currant... - 583-588 

review of work 590 
Blemishes, orange, relation to quality 
Blight— 

bacterial, of rye 

bean, cause and comparison with wit. ‘dina NO 
Blister rust infection, survey, on pines at 

Kittery Point, Me 1253-1258 
Blossoming, effect of varying length of day. 447-453 
Blue mold rot, citrus fruits, rs... 


Bolls, cotton— 
dwarfing, effects of crazy-top and other 
diseases 818-819 
shedding and development, comparisons. 943-952 


Page 
Bones, skull, meadow mouse, cote and 
ti 1001-1009, 1014 
Borax, use in treatment of citrus fruits ¥ 
the preveniion of blue mold rot 1-968 
Bordeaux spray, use against pecan scab. 26-997, 329 
Botryosphaeria ribis— 
association with Physalospora malorum on 


aa. 
chromogena on apple and currant 594-596 
comparison with Physalospora malorum. met | 
life history. 
on currant and apple 590-508 
Botrytis brown rot of strawberries, cause my 
description 
Bots, ox, observations 
Bowman, John J., and Fulton, Harr 3 
Preliminary Results with the Borax Treat- 
ment of Citrus Fruits for the Prevention of 
Blue Mold Rot 


Braham, J. M.: Chemical and _ Biological 
Studies with Cyanamid and Some of its 
Transformation Products 

Brain, bee larva, description 

Brains, composition 

Bran, heating by Silvanus cassiae 

Branching, abnormal, of cotton, effects of 
crazy-top and other diseases 813-814 

Braun, Harry: A Gradient of Permeability to 
Iodin in Wheat Seed Coats 

Breeding— 

Gicken experimental study of sex ratio.. 200-220 
corn for improvement 4 

Brewbaker, H. E.: Brittle Straw and Other 
Abnormalities in Rye 1 

Briquettes, colloids, making, drying, ~ 
testing 501-511 

Brittle straw, rye, and other abnormalities. 169-172 

Brood diseases, bee, relation to life oer of 
bee larvae fy paths 

Brooks, Fred E., and Cotton, R. 7: 
eng Curculio Conotrachelus enielagt. 


Brotherton, Wilber, Jr.: Gamete Production 
in Certain Crosses with “ Rogues’? in 


Peas. 
— rot of fruits in America, fungus caus- 


obtectus, fumigation methods and results. 347-356 
quadrimaculatus— 
control = chick-peas by hydrocyanic- 


acid g 
tamigution, methods and results 
See Bean weevil, four-spotted. 
Bruchus spp., heat of grain, notes 1105, 
1106, 1109-1112, 1114-1115 
Brush varieties, indicator of land value 101, 
108, 109, 114, 115, 117-127 
Bryan, Mary K.: Bacterial Leafspot of Del- 
phinium 261 
Buck, J. M., and Creech, G. T.: Studies Re- 
lating to the Immunology of Bovine In- 
fectious Abortion 607-642 
Buckwheat, shrub, indicator of land vale a iat 
1 


Bud— 
abortion in Pima cotton, non-inheritance. 2041- 


selection, relation to quality of crop in the 
Washington navel orange 521-526 

variations, citrus, progeny tests and per- 
formance recor: 522-525 

Buds, citrus, progeny propagation and per- 
formance records 523-525 
Buffalo grass, indicator or land value 102, 
103, 117-121, 124 


Bulb rot, Fusarium, of onion and relation to 
environment 
Cabbage— 
clubroot ee relation to temperature 
and mois 
“hilli ~~ to control clubroot ....... 
Cacti, indicators of land value 112, 
118, 121, 122, 127 
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Cacoma nitens— 
occurrence without spermogonia 
uninucleated aecidiospores and associated 
phenomena 1 
See also Rust, orange. 
oa menziesii, susceptibility to curly- 


i effect on numbers of bacteria in 
1163, 1164-1165 
effect a orange-tree growth and com- 


nitrate, effect on wheat growth ” 387-303 
oxid, effect on numbers of bacteria in soil- a4 


California— 
beet— 


disease. See curly-top. 
leafhopper and curly-top disease 
— comparison with Alabama and 


Japa: 252 
Coashelia Valley, physiography, ar and 
ti 725-727, 763 
Southern, Acala cotton, spacing 1081-1093 
Calliphora larva embryology, notes_... 6, 7,8, 10, 20 
Cambium curculio, Conotrachelus ennai 


Campbell, F. L., and Moore, William: 
Studies on Nonarsenical Stomach-Poison 
= eats 39 


blight fungus of currant, comparison with 
Pg of apple 596-597 
r, root disease, relation to snails 
cane light fungus of currant, on currant and 


Prot citrus, susceptibility of citrus species, 
hybrids, and relatives 227-239 
Canning, sweet corn, relative merits of bw 


Carbon— 
disulphid, use in control of bean weevils. 347-355 
tetrachlorid, anthelmintic efficiency % 

treatment of foxes 

Carpellate hemp plant, description 

Carsner, Eubanks, and Stahl, C. F.: Studies 
on Curly-top Disease of the Sugar Beet.. 297-320 
aryl, R. E.: Bud Selection as Related to 
Quality of a in the Washington Navel 
im 521-526 


fac 
Caterpillar, tent, insecticides testing 
Cats, feeding with gossypol 
Cats-claw, indicator of land value. 
Cattle— 

testing for abortion infection... 613-614, 617-620 

vaccination, control of infectious abortion 609-620 
= cuneatus, indicator of land 

116, 118, 120, 123, 126 

cecil aa loam subsoil, colloids from, break- 

ing strength 


Cedar, reproduction after logging... 1152-1154, 1187 
Cells— 


excretory, bee larva 
sap density, relation to environmental con- 
ditions in the Wasatch Mountains, Utah 845-907 
Cereal rusts, an a races, investiga- 
tions and d 
Chaetospermum an susceptibility to 
citrus canker 
Chamiso, indicator of land value... 101, 
113, 116, 118, 121, ; 122, 125 
Chaparral, indicator of land value 115, 
119, 120, 125, 126 


CResnieal, use on citrus fruits to prevent 


314-315 


ke rimental study of sex ratio. 200-220 
n B content, anaes ond ex- 
«oe 7, 468-469, 472 
infection with fowl typhotd, pe) - 
post-mortem findings 


Chickens—Continued. Page 
sex ratio— 

rimental study and discussion 200-220 

ation to antecedent egg production... 199-224 
Chick-peas— 

heating caused by insect . st 1106, 

1109-1112, 1113, 1115 

he by hydrocyanic-acid gas fami. i 


gation 
See also Peas, chick. 
Chlorid, content of leaf-tissue fluids of cot- 
tons, egyptian and Upland 695-71 
pm deficiency in rye... 
Chromosomes— 
literature citations. 
maize and maize relatives. 
number in wheat, relation to morphological 
characters of hybrids 
Chrysanthemum nema, Apelenchus ritzema- 
bosi, description 1 
Ciboria fructicola, same as Sclerotinia 
Cicer arietinum. See Chick-peas; Peas, chick. 
Citrus— 
bud variations, progeny tests and perform- 
ance records 
fruits, blue mold rot prevention, results of 
borax treatment 961 
growth in spring, required temperatures and 
relation to scab 243-253 
hybrids, susceptibility to citrus canker 230-231, 
235-239 


plants, scab infection, conditions essential 243-253 
scab— 

cause, history, and distribution 

relation to environmental factors 

yearly prevalence, conditions emamng'” 


ing. 
susceptibility to citrus canker 
wild relatives, susceptibility to citrus 


Cladosporium citri, cause of citrus scab, envi- 

ronmental factors 241 
Clarification methods in sugar determina- 

tion, comparison 1: 
Clear-cut method of cutting Douglas fir, effect 

on reproduction 1233-1235, 1289-1241 
Clearings, forest, effect on conditions of 'site = 

1 

Club-leaf, cotton growth disorder 
Clubroot— 

effect of soil temperature and soil moisture 549-562 

literature relating to 549-552, 559-561 
Clustering, cotton growth disorder. 806-807 
Coachella Valley, California, cotton spacing_. = 

1 


= ene jobi, pollen counts and chromo- 


118, 121, jas, 13 
Colloids— 
literature cited 
soil— 


binding power, determination 506-508 
binding power, factors influencing... .. 499-513 
binding power of different kinds. 5 
heat of wetting 
Color— 
Picramate, dilution, effect. 
standards for sugar determination method. 


Coloration, meadow mice 
Colorimeter readings, values, factors for 
obtaining 
Cc ‘ommanity plants for hot-water treatment of 
grain 
Composite plants, subject to nematode galls. 474 
= unds, nitrogenous, effect on ern -s 1162 


120, 10198 
Conotrahelus— 
anaglypticus— 
distribution, description, life history, and 
control 377. 
See also Curculio, Cambium. 
spp., literature concerning 
Cook, O. F.: Acromania, or “‘Crazy-top,’”’ a 
Growth Disorder of Cotton 
Copper, determination in meats............. 340 
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Corethra larvae, notes....... ciciccheeenahine 7, 10,12 


best canning stage... 
canni' 


ng— 
in quality tests, method 
literature, review and list 
quality tests. 
characters. correlation... 
chromosome— 


73, 6 
number, comparison with related ate == 
ear molds, literature citations. 921-922 
ears, developmént in different varieties... 412-414 
feld, comparison with sweet corn in compo- 


ion and canning value 
427, 428, 432, 435, “3 
a, characters, inheritance and ene om 
niny by fungus Fusarium moniliforme.... 10 g18 
1 


kernel, toughness tests. 4-429, 482,438 
maturity, relation to quality f aaa 








ae 409-440 . 
silking its aid in determining maturity SS 


— content, relation to sweetness. 
chemical studies, epaigtie methods, on“ 
discussion of resul 418-431 
varieties for Pa ee relative merits, etc 403-443 
varieties, improvement by breeding.... 435-436 
varieties 424-425 
See also 
Cornstarch ie, sugar determination, ony 
acid meth 
Octton, R. “9 and Back, E. A.: 
Effect of Fumigation Upon Heating of 
Grain Caused by Insects 03-1116 
Effective Use of Hydrocyanic-acid Gas in 
the Protection of Chick-peas bnbsannsieny; 
in 240-Pound Sacks 
Relative Resistance of the Rice Weevil aN 
the Granary Weevil to High and Low 
Temperatures. 1043. 


Cotton, R. T., and Brooks, Fred E.: The 


1044 


— Curculio Conotrachelus wend 


abnormal branching, effects of crazy-top 
and other diseases 813-814 
Acala, spacing experiments in Southern 
California 1 
acromania or “‘crazy-top”’ 
bolls— 
injury by cambium curculio-_... Jee 379, 385 
shedding and development, comparison ~— 
breeding and growth isorders 
Egyptian, chlorid content of leaf, compari- 
son with Upland cotton 695- 
fiber, salt content 
flowers and bolls, comparison of Pima with 
Upland 941-952 
growing on saline soils, relation to chlorid 
content 696, 701 
growth, irregularities caused by crazy-top 
and other diseases. ................-.-. 813-819 
heredity, relation to growth disorders.... 822-823 
irrigated, spacing experiments in southern 
California, 1922 and 1923 1081-1093 
lint and seed characters, comparisons... 950-952 
overwintering, study for disease spread 
Pima— 
comparison with Upland varieties in 
Arizona 
terminal bud abortion, noninheritance - - . on 
plants, dwarfing, effects of crazy-top and 
other diseases 
Upland— 
Ehiorid content of leaf, comparison with 
Egyptian cotton 695-704 
varieties, comparison with Pima cotton 
in Arizona 93! 
varieties— 
susceptibility to crazy-top and other 
growth disorders 
variation of gossypol content in seed... aie 


Page 
Cotton—Continued. 
7 qouperiean of Pima and Upland 


yields in spacing experiments 
Cottons, leaf tissue, chlorid content, compari- 
son of Egyptian and Upland 695-704 
Cottonseed— 
feeding tests, experiments with gossypol_ 173-198 
field germination, experiments 288-290 
— nation 285-292 
a content, variation with locality..... 173 
= gossy pol extraction and prepara- 
- 173-174 
sabenaaty germination, reports - . 290 
poisoning, feedi: 
“sensitive” samples, reasons for poor ger- 
mination 
toxicity, relation to gossypol content 
Couch, J. F.: Ascaris Sensitization 577- 
Coville, — V.: Spiny-fruited Goose- 
berry from Florida 


Cowpeas— 

heating by insects. 

silage, composition 

weevil infestation and fumigation 347- 

Cows, immunization experiments for bovine 

abortion, detailed records 633-635, 641 

Craig, W. T., and Love, H. H.: 

The Genetic Relation Between Triticum 
dicoccum a des and a Similar Morpho- 
logical Type nomen Synthetically.. 515-520 

The Inheritance of Pubescent Nodes in a 
Cross Between Two Varieties of Wheat 841-844 

Cram, Eloise B.: A New Nematode, Cylindro- 
pharynz ornata, from the Zebra, with Keys 

to Related Nematode Parasites of the 

Equidae 661-672 

Craterostomum spp., parasites of the Equidae 666,668 
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irregular occurrence and different condi- 
tions of soil 819-821 
symptoms and effects, comparison with 
other disorders 8 
Creatinin, determination method 
Creech, G. T., and Buck, J. M.: Studies Re- 
lating to the Immunology of Bovine a. 


~642 
Capes bush, association on a 
desert soils 33-745, 795-799 
Conesetbas, indicator of land a 111, 112, 
i 118, 120-127 
Crepis spp., seed infestation with nematodes 474,475 
Cross-breeding, wheat, for velvet nodes_... 841-844 
Crucifers, clubroot disease, effect of soil tem- 
perature and soil moisture 5A 
Cryptolestes pusillus heating of grain 
Culpepper, ©. W., and Magoon, C. A.: Stu 
pon the Relative Merits of Sweet Corn 
Varieties for Canning, ete 
Culture media for Bacillus larvae, and use_. 135-141 
Cultures, Bacterium abortus, use as vaccine to 
immunize cattle 
Curculio— 
cambium 
cambium, enemies and control methods... 385 386 
Curly-leaf, beet. See Curly-top. 
Curly-top— 
beet— 


distribution and the beet leafhopper-. - —S 
economic importance 

causative organism 

disease— 
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causes and development 
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relation to the metabolism of its causative 
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Fowl— 
domestic. See Chicken. 
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